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(57) ABSTRACT

Provided herein are methods and systems of molecular pro-
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molecular profiling can be used to identify treatments for a
disease, such as treatments that were not initially identified as
a treatment for the disease or not expected to be a treatment
for a particular disease.
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PATIENT INFORMATION PHYSICIAN INFORMATION
MOLECULAR ~[NAVE: SAMPLE PATIENT SOME DOCTOR M.C.
SEX: FEMALE 1234 E. SOUTH ST,
PROFILING | pog: /11074 TUGSON AX 12345
INST[TUTE SSN#: 123-45-6789 480-123-4557
REPORT INFORMATION VER 1,6.2:4-25-08
DATE SPECIMEN RECEIVED: 021012006 DATE REPORTED: 021032005 CASE NO. MP-TNGG-05040
DATE SPECIMEN COLLECTED AT HOST MEDICAL CENTER: 0240008
SPECIAL STUDIES
RESULTS AND INTERPRETATION
INTERPRETATION:
REVIEW OF PATHOLOGY SLIDES: (RECEIVED FROM MAIN HOSPITAL, TUCSON,AZ, ONE PARAFFIN BLOCK LABELED
MO1-123 AND FROZEN TISSUE)
PELVIC AND RETROPERITONEAL TUMOR: INFLAMMATORY MYOFIBROLASTIC TUMOR. 100
102 104 106 //

POSSIBLE AGENTS THAT MIGHT INTERACT WITH CANDIDATE GENE TARGETS:
ASSAY:  CANDIDATE TARGET  SIGNIFICANT RESULT

POSSIBLE AGENT(S)

MICROARRAY NFKBIA
HC CHIT
MICROARRAY  PDGFRA
MICROARRAY GART
MICROARRAY VOR
MICROARRAY ADA
MCROARRAY TOP
MICROARRAY HIF1A
MICROARRAY ONMTH

INCREASED {.78)"
(NCREASED +2, 40%
INCREASED 474"
INCREASED 190"
(NCREASED 373
INCREASED 526"
(NCREASED 278)*
(NCREASED 4 03
(NCREASED 1 51

“HC = IMMUNCHISTOCHEMISTRY
* INCREASED OR DECREASED ARE RELATIVE TO NORMAL CONTRLS,

FIG.3A

VELCADE
GLEEVEC, SUTERT

GLEEVEC, SORAFENB, SUTENT
ALNTA

CALCITRIOL

PENTOSTATIN

TOPOTECAN, CAMPTOSER (CPTHH)
AVASTIN, SORAFENS, SUTENT
VIDAZA (5-AZACYTIDING)
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PATIENT INFORMATION PHYSICIAN INFORMATION
NAME: SAMPLE PATIENT SOME DOCTOR, M.D.
MOLECULAR | SEX: FEMALF 1234 E. SOUTH ST,
DOB: 6111974 TUCSON, AX 12345
PROFILNG | sos 123456780 480-123-4567
INSTITUTE REPORT INFORMATION VER 1.6.2:4-25-06
DATE SPECIEN RECEIVED: 0200412006 DATE REPORTED: 00012006 CASE NO.MP-TNG-05040
DATE SPECIMEN COLLECTED AT HOST MEDICAL CENTER: 01/24/2008
SPECIAL STUDIES
RESULTS AND INTERPRETATION
M2
ADVANCED IMMUNOHISTOCHEMICAL ANALYSIS: /
GENE EXPRESSED PROTEINL| CONCLUSION || SPECIFICITY || INTENSITY {1 % ||TARGETSTATUS]  4pg
HERZNEU  NEGATIVE A~
ER_ NEGATIVE 4

PR NEGATNVE
KT POSITNE  SPECIFG 1 %0 TARGET
EGFR  NEGATNE
COX-2  NEGATNE
- ANDRCGENRECEPTOR  NEGATIVE
(D52 NEGATME
PDGFR ~ NEGATNE  NON-SPECIFIC

(025 NEGATIVE —
110—" <108

* 24 HC IN GREATER THAN 30% OF THE TUMOR CELLS HAS BEEN CHOSEN AS A CONSERVATIVE OVIDING
POINT TO REPORT A POTENTIAL TARGET AS POSITIVE TO HELP INCREASE PHARNACOLOGIC EFFECTIVENESS.

114

LMMUNOHlSTOCHEM%ALTEST@ PEREORMED
IL-2 TOPOISOMERASE ] ML
NF - KAPPA BETA TOPDISOMERASE ! M2
THYMOYLATESYNTHASE  RETNOCACIDRECEPTOR O
ERCC? (HELICASE) RXR P53
THYMDINE PHOSPHORYLASE  ORNTHINE DECARBOXYLASE  CYCLINDY
NGF SOMATOSTATIN BCL-2
MTAP RAS (MUTATED) eeF
VAP KNASE PROTEIN ASPARAGINE SYNTHETASE

KANTHINE OXIDASE F1G.3B
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PATIENT INFORMATION PHYSICIAN INFORMATION
NAME: SAMPLE PATIENT SOME DOCTOR. MO,
MOLECULAR | SEX: FEMALE 1234 E. SOUTH ST,
DOB: §/1/1974 TUCSON, AX 12345
PROFILING | sone: 123456789 480-123-4567
INSTITUTE REPORT INFORMATION VER 16242508
DATE SPECMEN RECEIVED: 020172008 DATE REPORTED. 02092008 CASE NO.MP-TNOB05040
DATE SPECMEN COLLECTED AT HOST MEDIGAL CENTER: 4128
SPECIAL STUDIES
s HICROARRAY RESULTS
z,MtcROARRAYANALYsss;”B 13,6 11%3 11{}5 “L\B 00
GENE RATIO EXPRESSON' AVALTSE| [GENE RATIO EXPRESSONANALTSS| [GENE RATD EYPRESSION ARALTGR
R o0 s FORR T L] TOCTANGE T T ] 10 CHAIE
ESRT {000 [URER eSS 0GFR 1171 0 CAANGE 74570 T4 0] N0 CHANGE
PR 100 DS AR ] WO A ARG )
VEGE {03 (I DR O ST 6L N0 CHANGE
KT 1051 R DES T 11 29T RO CHANGE T3 N0 CANGE
POGFe 105 IR R |6 R0 CANGE TR0 | 316 RO CHANGE
RIRE. |05 N0 CRANGE HOPCA T4 0 CRANGE T | S0 CPAGE
TOPE 06, [IERERE TYNRDT |42 N0 CHANGE RS
REEL (068 1O CHANGE A9 1] N0 CHANGE R RS
EREE [ 080] 10 CHANGE DT |51 RO HFA | 300 R PR
ERCCT 071 ] N0 CHNGE NEF® T4 0 CHANGE HFA 1306, OVR PR
A O NFRGA |1 7| (RO HE 300 OREDRESs)
PDGERE| 78] WO CRANGE PTGS) | 131 N ChANGE HE |30 R PR
B2 [00] N0 CHANGE BRCAL | 13] O CHANGE N
GSTPT 45| N0 CRANGE G | 10| DERERESSD e s R EPRESSED
SPARC T092] MO CRANGE COVT 215 CRRDPRESSD HE | 397, OV RS
KOACT {055 NO CHANGE J0T0 1 218] NOCHANGE HEA | 40 RO
POLA [0.95] N0 CRANGE RIS R
Uz 0951 N0 ChANGE TA0T6 [ 275] o CRANGE POGFRA 414 OTRDPRESSD
GES 051 N0 CRANGE P R T |49 (VROPESED
VEGE1L09] 10 CHANGE VST 28] N0 CRANGE L0RR {507} N0 CHANGE
SSTRL L1110 CHANGE A0 | 266] N0 CHANGE DR | S oEl DRDORESSED
PTEN 111 MO CHANGE T 1190 N0 CHANGE TOP [ 34 N0 CIANGE
O R
MR RS

“NO CHANGE” INDIGATES THAT THERE 15 NO DIFFERENCE I EXPRESSION FOR THIS GENE BETWEEN THE TUMOR AND CONTROL
TISSUES AT A SIGNIFICANCE LEVEL OF P<=0.001, ASIGNIFICANCE LEVEL OF P<=0.001 HAS BEEN CHOSEN SINCE GENES PASSING
THIS THRESHOLD CAN BE VALIDATED AS DIFFERENTIALLY £XPRESSED BY ALTERNATIVE METHODS APPROXIMATELY 84% OF THE TIME.
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100

PATIENT: SAMPLE PATIENT CASE NO. MP-TNDB-05040 DATE REPORTED: 2192008

] CLINICAL INFORMATION |
CLINICAL HISTORY
THE PATIENT VIAS DIAGNOSED WITH INFLAMATCRY MYOFIBROBLASTIC TUMOR N FEB, 2004 AT THAT THIE A LARGE
HASS WAS REMOVED FROM HER ABDOMEN, THE PATIENT NOWHAS RECURRENT MASSES ON HER LEFT UPPER QUACRANT
120 ANDIN THE PECVIS. PER THE PATIENT GHART, DR SOME REVIEWED THIS CASE WITH DR VONHOFF ANDIT WAS AGREED
THATPERFORMING CNAMICROARRAY AND IHC TESTING ON THS PATIENT MAY PROVIDE INSIGHT INTO FURTHER TREATMENT
OPTIONS

SPECIMENS SUBMITTED
/ RECEIED FROM MAIN HOSFITAL, TUCSON, AZ, ONE PARAFFIN BLOCK LABELED M0t-123 AND FROZENTISSUE WITH THE
ACCOMPANYING SURGICAL PATHOLOGY REPORT.
122

DISCLAIMER
THESE TESTS WERE DEVELOPED BY MOLECULAR PROFILING AND THEIR PERFORMANCE CHARACTERISTICS DETERMINED
8Y MOLECULAR PROFILING. IT HAS NCT BEEN CLEARED OR APPROVED BY THE U.5. FOOD AND DRUG ADHINISTRATION
F DAE THESE TESTS ARE PERMITTED FOR CLINICAL PURPOSES AND SHOULD NOT BE REGARDED AS PURELY
INVESTIGATIONAL OR FOR RESEARCH, MOLECULAR PROFILING S CERTIFIED UNDER THE CLINICAL LABORATORY
IMPROVENENT AMENDMENTS OF 1988 {CLIA) AS QUALIFEED T PERFORM HIGH-COMPLEXITY CLINICAL TESTING.

QECISIONS REGARDING CARE AND TREATHIENT SHOULD NOT BE BASED ON A SINGLE TEST SUCH AS THIS TEST. RATHER
DECISIONS ON CARE AND TREATMENT SHOULD BE BASED ON THE INDEPENDENT MEDICAL JUDGMENT OF THE TREATING
PHYSICIAN TAKING INTC CONSIDERATION AL AVAILABLE INFORMATION CONCERNING THE PATIENT'S CONCIION,
INCLUDING OTHER LABORATORY TESTS, INACCORDANCE WATH THE STANDARD OF CARE IN A GIVEN COMMUNITY.

THE FINDING OF ATARGET DOES NOT NECESSARILY INDICATE PHARMACOLOGIC EFFECTIVENESS.

%My 20913608

ROBERT S, PEW,MQ,WPATMGWDm&ama&cmﬁ DATE

FIG.3D
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FIG. 27F
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31 4.04% 1 2500% 1 2.04% 4 3.01%
4 03.52% 000% 0.00% 0.00%
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0.00% 0.80% 0.00% £.00%
G.00% L 25.00% 1 12 50% G.00%
0.00% 0,008 .50% 7.00%
3.00% F00% 0.00% 0.00%
0.00% 1 2500% 03.00% 1 33.33%
UO0% 4.0U% 0.00% .00%
0.00% 0.00% 2.00%, .00%
4.00% 0.00% 4.00% 6.00%
.00% E 25.00% 0.08% 6.00%
0.00% 0.00% 3.00% 2.00%
0.00% 0.00% 2 D00%

2500%
4




U.S. Patent

Jul. 28, 2015

Sheet 53 of 94

FiG. 281

US 9,092,392 B2

Other Female Genital Ovary Pangreas Peniis & Scrotum
ool 95 143 , 1
Number of Numbar of Numiber of Number of
timos times thnes times
blomarkor hiomarker  biomrarker biomarker
flagged as % in fior  Miagged a5 [% intumor Jflpgged as  [%intemor Hagged as % infumor
{argat ftype target iype fargel type target Hype
of 21 8.60%, 1 0.30% 0
0.00% 16 5.08Y% 23 6.80% 0.00%
0.00%: 8 2.52% 7 2. 90% a.00%
4.00% 3 2.84% 3 3.80% O.00%
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FIG. 31
Grand Tetgl 1% in tumor type 10ehe s
SOORGL o 00O IGrand Tota
458 #3950 IGIMT
396 4.37%IB5TRY
368 4, 538708
305 4.30% NFROTA
apd 4TI TOPIA
378 4,189 IADA,
368 AT TOPER
386 4 L4% CART
3481 ARIRIHIFYA
338 3.74% I DNMTAB
321 F.04%INFRED
318 351 %IVER
278 307 R NRR B
267 2 GRSIDNATIA
260 2RTNIEPARE
29 2B POGIFRE
13 2 A8W{CESS
T8¢ 201%| DK
181 2.00%IVEGEA
167 1.84%ISETRA
{58 1,755 RAM2
152 1BERISETRY
101 17N DNMT
_tas 1E2%IVEGE
135 1.50%I8RE
128 1.I3%GIEGER
20 LIZRIBROAY
114 20| BRI
11 1225 H5Pa0AAT
102, i 113% ASNS
1ot LITRISETRZ
190 L AORIFLTY
1o Li%IPTGEZ
46 1.06%ISSTRE
us 106% ] TYMS
() 0070 KT
g7 0.B8% FSR1
) TGN ISELA
75 CDAPRIYER
7B G BANIBRCA
71 D IERIPDEERA
[ 273 ERDBR
86 o BIP%IAR
81 0. 8YR RN
BBl .64 LUHFR
o §.82% VHL
44 {1 5a% INMGH2
41 JASRIPDGFD
38 G ATRIKGR
37 B 41 EPHAZ
26 0 SR IRARE
22 0. 24%PER
21 0.23%IPTEN
19 ¢.185 COWa2
14 FRECALUE]
B D I0NIRARS
& BOT%ILZRA
4 0.04%1C05Y
z 0.02%LCK
2 CI%ITAPTO
i 0019 ASNS
1 0.01%ERCCS
1 B01% | GNRNT




US 9,092,392 B2

Sheet 77 of 94

Jul. 28, 2015

U.S. Patent

q pordg V poLIdd
JOIJ "[OIN AqQ PI1II[S | Adeaoyy tondse |
SAd (dLL) SAd

¢t 'Old



US 9,092,392 B2

Sheet 78 of 94

Jul. 28, 2015

U.S. Patent

101D S, UBDIUID
Y jJuaned jeaa |

ssupury JI
0} Suip.arodae syuaned jeaa g

E 3

E 3

ON

. puno
1P8ae

f 3

S

sasAjeuUR ARLIBO.DIA Pue HSIA ‘OHI1

ﬁ

paurrojaad Asdoiq JownJ,

poassargoad
pey sjuaned

~

I pouLIjuo0d 10)noul
uenIsiyd voneziugdio
YOABISAL JEDIUID

#10JTUOUL [BIIPIW
Aq pagLIdA ANfIqIsd Juane g

E

Apnis 9YyJ J0J pIudIds
puE pajudsuod si judaneJ

¢¢ Old




US 9,092,392 B2

Sheet 79 of 94

Jul. 28, 2015

U.S. Patent

sasA[eus .1o] sajduies anssy jo uondadaa
wo.ay sAep g pue Asdorq wiodj SAep 9] = UBDIUIP B 0) J[QBIIBAR S)[NSAL JIA] 10] AU} UBIPIJA] :930N

T=dIA 0} 3UIP102dY JON PAIEILL  99= JIA 03 SUIPI0IIY Pajeal],

1= JUdU) LA} 1IE)IS O) PIPIIN-
7=Asdo1q ayj u1 S[]37 JuruSEvIL ON-

7=SISBJSB)ITA] uIeag-

p=)UISUO) MAIPYIIA -

{90 = pIjeaal sjusned 6 = HOLIPUO)) SUIUISIOAA -

SI =dIN wam>r©—~Qr.m— Pajead] JoN\ spuaned

£=SISAJBUE 10} INSSI) UIB}GO 0} (. JON-
[=Asdorq 03 aor1d Jusmjeal) 1aB)S 0) popaIaN-
7=SISBISBII[A] UIRI{-

¢=U01SS3.1504J JO Joo. ] Jo yor]-

C=1UISU0)) MIIPYPIIA -

0= UOIJIPUO]) SUIUISIOAA -

0= dI\ M Mﬁmﬁ@@.uc&& jou sjusne g 98 = JIA I wﬂmﬁ@@u&h& sjusije
901 =Apnis 8y} Jo} pajenjeAs pue pajussuod sjualed
€ "Old



U.S. Patent Jul. 28, 2015 Sheet 80 of 94 US 9,092,392 B2

FIG. 35

Patients with PFS ratio 2 1.3

PFS (TTP) on last line of prior therapy

PFS on MP treatment
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FIGURE 40C
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FIGURE 40E
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MOLECULAR PROFILING OF TUMORS

RELATED APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/658,770, filed Feb. 12, 2010, now U.S. Pat.
No. 8,768,629, which issued Jul. 1, 2014 and which claims
the benefit of U.S. Provisional Applications 61/151,758, filed
onFeb. 11,2009, 61/170,565, filed on Apr. 17, 2009, 61/217,
289, filed on May 28, 2009, 61/229,686, filed on Jul. 29, 2009,
61/279,970, filed on Oct. 27,2009, 61/261,709, filed on Nov.
16, 2009, and 61/294,440, filed on Jan. 12, 2010; and this
application is a continuation-in-part of U.S. patent applica-
tion Ser. No. 13/188,350, filed Jul. 21, 2011, which is a
continuation of U.S. patent application Ser. No. 12/579,241,
filed Oct. 14, 2009, which claims the benefit of U.S. Provi-
sional Applications 61/105,335, filed Oct. 14, 2008, and
61/106,921, filed Oct. 20, 2008; and this application is also a
continuation-in-part of U.S. patent application No. 11/750,
721, filed on May 18, 2007, now U.S. Pat. No. 8,700,335,
issued Apr. 15, 2014, which claims the benefit of U.S. Provi-
sional Application No. 60/747,645, filed May 18, 2006; all of
which applications are incorporated herein by reference in
their entirety.

BACKGROUND

Disease states in patients are typically treated with treat-
ment regimens or therapies that are selected based on clinical
based criteria; that is, a treatment therapy or regimen is
selected for a patient based on the determination that the
patient has been diagnosed with a particular disease (which
diagnosis has been made from classical diagnostic assays).
Although the molecular mechanisms behind various disease
states have been the subject of studies for years, the specific
application of a diseased individual’s molecular profile in
determining treatment regimens and therapies for that indi-
vidual has been disease specific and not widely pursued.

Some treatment regimens have been determined using
molecular profiling in combination with clinical character-
ization of a patient such as observations made by a physician
(such as a code from the International Classification of Dis-
eases, for example, and the dates such codes were deter-
mined), laboratory test results, X-rays, biopsy results, state-
ments made by the patient, and any other medical information
typically relied upon by a physician to make a diagnosis in a
specific disease. However, using a combination of selection
material based on molecular profiling and clinical character-
izations (such as the diagnosis of a particular type of cancer)
to determine a treatment regimen or therapy presents a risk
that an effective treatment regimen may be overlooked for a
particular individual since some treatment regimens may
work well for different disease states even though they are
associated with treating a particular type of disease state.

Patients with refractory and metastatic cancer are of par-
ticular concern for treating physicians. The majority of
patients with metastatic cancer eventually run out of treat-
ment options for their tumors. These patients have very lim-
ited options after their tumor has progressed on standard front
line and second line (and sometimes third line and beyond)
therapies. Although these patients may participate in Phase |
and Phase 1II clinical trials for new anticancer agents, they
must usually meet very strict eligibility criteria to do so.
Studies have shown that when patients participate in these
types of trials, the new anticancer agent may give response
rates of anywhere from 5% to 10% on average in Phase I
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settings to 12% in Phase II settings. These patients also have
the option of electing to receive the best supportive care to
treat their symptoms.

There has recently been an explosion of interest in devel-
oping new anticancer agents that are more targeted against a
cell surface receptor or an upregulated or amplified gene
product. This approach has met with some success (e.g. tras-
tuzumab against HER2/neu in breast cancer cells, rituximab
against CD20 in lymphoma cells, bevacizamab against
VEGF, and cetuximab against EGFR). However, patients’
tumors still eventually progress on these therapies. If a larger
number of targets or molecular findings such as molecular
mechanisms, genes, gene expressed proteins, and/or combi-
nations of such were measured in a patient’s tumor, one may
find additional targets or molecular findings that can be
exploited by using specific therapeutic agents. Identifying
multiple agents that can treat multiple targets or underlying
mechanisms would provide cancer patients with a viable
therapeutic alternative to those treatment regimens which
currently exist.

Molecular profiling analysis identifies one or more indi-
vidual profiles that often drive more informed and effective
personalized treatment options, which can result in improved
patient care and enhanced treatment outcomes. The present
invention provides methods and systems for identifying treat-
ments for these individuals by molecular profiling a sample
from the individual.

SUMMARY OF THE INVENTION

The present invention provides methods and system for
molecular profiling, using the results from molecular profil-
ing to identify treatments for invidiuals. In some embodi-
ments, the treatments were not identified intially as a treat-
ment for the disease.

In an aspect, the invention provides a method of identifying
a candidate treatment for a subject in need thereof, compris-
ing: performing an immunohistochemistry (IHC) analysis on
a sample from the subject to determine an IHC expression
profile on at least five proteins; performing a microarray
analysis on the sample to determine a microarray expression
profile on at least ten genes; performing a fluorescent in-situ
hybridization (FISH) analysis on the sample to determine a
FISH mutation profile on at least one gene; performing DNA
sequencing on the sample to determine a sequencing muta-
tion profile on at least one gene; and comparing the IHC
expression profile, microarray expression profile, FISH
mutation profile and sequencing mutation profile against a
rules database. The rules database comprises a mapping of
treatments whose biological activity is known against cancer
cells that: i. overexpress or underexpress one or more proteins
included in the IHC expression profile; ii. overexpress or
underexpress one or more genes included in the microarray
expression profile; iii. have no mutations, or one or more
mutations in one or more genes included in the FISH mutation
profile; and/or iv. have no mutations, or one or more muta-
tions in one or more genes included in the sequencing muta-
tion profile. The candidate treatment is identified if: i. the
comparison step indicates that the treatment should have bio-
logical activity against the cancer; and ii. the comparison step
does not contraindicate the treatment for treating the cancer.

In some embodiments, the IHC expression profiling com-
prises assaying one or more of SPARC, PGP, Her2/neu, ER,
PR, c-kit, AR, CD52, PDGFR, TOP2A, TS, ERCC1, RRM1,
BCRP, TOPO1, PTEN, MGMT, and MRPI.

In some embodiments, the microarray expression profiling
comprise assaying one or more of ABCC1, ABCG2, ADA,
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AR, ASNS, BCL2, BIRCS, BRCA1, BRCA2, CD33, CD52,
CDA, CES2, DCK, DHFR, DNMT1, DNMT3A, DNMT3B,
ECGF1, EGFR, EPHA2, ERBB2, ERCC1, ERCC3, ESR1,
FLT1, FOLR2, FYN, GART, GNRH1, GSTP1, HCK,
HDACI1, HIF1A, HSP90AA1, IL2RA, HSP90AA1, KDR,
KIT, LCK, LYN, MGMT, MLH1, MS4A1, MSH2, NFKB1,
NFKB2, OGFR, PDGFC, PDGFRA, PDGFRB, PGR,
POLA1, PTEN, PTGS2, RAF1, RARA, RRM1, RRM2,
RRM2B, RXRB, RXRG, SPARC, SRC, SSTR1, SSTR2,
SSTR3, SSTR4, SSTRS, TK1, TNF, TOP1, TOP2A, TOP2B,
TXNRDI, TYMS, VDR, VEGFA, VHL, YES1, and ZAP70.

In some embodiments, the FISH mutation profiling com-
prises assaying EGFR and/or HER2.

In some embodiments, the sequencing mutation profiling
comprises assaying one or more of KRAS, BRAF, ¢-KIT and
EGFR.

In another aspect, the invention provides a method ofiden-
tifying a candidate treatment for a subject in need thereof,
comprising: performing an immunohistochemistry (IHC)
analysis on a sample from the subject to determine an IHC
expression profile on at least five of: SPARC, PGP, Her2/neu,
ER, PR, c-kit, AR, CD52, PDGFR, TOP2A, TS, ERCC1,
RRM1, BCRP, TOPO1,PTEN, MGMT, and MRP1; perform-
ing a microarray analysis on the sample to determine a
microarray expression profile on at least five of: ABCCI,
ABCG2,ADA, AR, ASNS, BCL2,BIRC5,BRCA1,BRCA2,
CD33, CD52, CDA, CES2, DCK, DHFR, DNMTI1,
DNMT3A, DNMT3B, ECGF1, EGFR, EPHA2, ERBB2,
ERCC1, ERCC3, ESRI1, FLT1, FOLR2, FYN, GART,
GNRH1, GSTP1, HCK, HDACI1, HIF1A, HSP90AAL,
IL2RA, HSP90AA1l, KDR, KIT, LCK, LYN, MGMT,
MLH1, MS4A1, MSH2, NFKB1, NFKB2, OGFR, PDGFC,
PDGFRA, PDGFRB, PGR, POLA1, PTEN, PTGS2, RAF1,
RARA, RRM1, RRM2, RRM2B, RXRB, RXRG, SPARC,
SRC, SSTR1, SSTR2, SSTR3, SSTR4, SSTR5, TK1, TNF,
TOP1, TOP2A, TOP2B, TXNRD1, TYMS, VDR, VEGFA,
VHL, YES 1, and ZAP70; performing a fluorescent in-situ
hybridization (FISH) analysis on the sample to determine a
FISH mutation profile on EGFR and/or HER2; performing
DNA sequencing on the sample to determine a sequencing
mutation profile on at least one of KRAS, BRAF, ¢-KIT and
EGFR; and comparing the IHC expression profile, microar-
ray expression profile, FISH mutation profile and sequencing
mutation profile against a rules database. The rules database
comprises a mapping of treatments whose biological activity
is known against cancer cells that: i. overexpress or underex-
press one or more proteins included in the IHC expression
profile; ii. overexpress or underexpress one or more genes
included in the microarray expression profile; iii. have no
mutations, or one or more mutations in one or more genes
included in the FISH mutation profile; and/or iv. have no
mutations, or one or more mutations in one or more genes
included in the sequencing mutation profile. The candidate
treatment is identified if: i. the comparison step indicates that
the treatment should have biological activity against the can-
cer; and ii. the comparison step does not contraindicate the
treatment for treating the cancer. In some embodiments, the
THC expression profiling is performed on at least 50%, 60%,
70%, 80% or 90% of the biomarkers listed. In some embodi-
ments, the microarray expression profiling is performed on at
least 50%, 60%, 70%, 80% or 90% of the biomarkers listed.

In a third aspect, the invention provides a method of iden-
tifying a candidate treatment for a cancer in a subject in need
thereof, comprising: performing an immunohistochemistry
(IHC) analysis on a sample from the subject to determine an
THC expression profile on at least the group of proteins con-
sisting of: SPARC, PGP, Her2/neu, ER, PR, c-kit, AR, CD52,
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PDGFR, TOP2A, TS, ERCCI, RRM1, BCRP, TOPOI,
PTEN, MGMT, and MRP1; performing a microarray analysis
onthe sample to determine a microarray expression profile on
at least the group of genes consisting of ABCC1, ABCG2,
ADA, AR, ASNS, BCL2, BIRCS, BRCA1, BRCA2, CD33,
CDS52, CDA, CES2, DCK, DHFR, DNMT1, DNMT3A,
DNMT3B, ECGF1, EGFR, EPHA2, ERBB2, ERCCI,
ERCC3, ESRI1, FLT1, FOLR2, FYN, GART, GNRH]I,
GSTP1, HCK, HDACI1, HIF1A, HSP90AA1, IL2RA,
HSP90AA1, KDR, KIT, LCK, LYN, MGMT, MLH]I,
MS4A1, MSH2, NFKBI1, NFKB2, OGFR, PDGFC, PDG-
FRA, PDGFRB, PGR, POLA1, PTEN, PTGS2, RAFI,
RARA, RRMI, RRM2, RRM2B, RXRB, RXRG, SPARC,
SRC, SSTR1, SSTR2, SSTR3, SSTR4, SSTRS, TK1, TNF,
TOP1, TOP2A, TOP2B, TXNRDI1, TYMS, VDR, VEGFA,
VHL, YES1, and ZAP70; performing a fluorescent in-situ
hybridization (FISH) analysis on the sample to determine a
FISH mutation profile on at least the group of genes consist-
ing of EGFR and HER2; performing DNA sequencing on the
sample to determine a sequencing mutation profile on at least
the group of genes consisting of KRAS, BRAF, ¢-KIT and
EGFR; and comparing the IHC expression profile, microar-
ray expression profile, FISH mutation profile and sequencing
mutation profile against a rules database. The rules database
comprises a mapping of treatments whose biological activity
is known against cancer cells that: i. overexpress or underex-
press one or more proteins included in the IHC expression
profile; ii. overexpress or underexpress one or more genes
included in the microarray expression profile; iii. have zero or
more mutations in one or more genes included in the FISH
mutation profile; and/or iv. have zero or more mutations in
one or more genes included in the sequencing mutation pro-
file. The candidate treatment is identified if: i. the comparison
step indicates that the treatment should have biological activ-
ity against the cancer; and ii. the comparison step does not
contraindicate the treatment for treating the cancer.

In some embodiments of the methods of the invention, the
sample comprises formalin-fixed paraffin-embedded (FFPE)
tissue, fresh frozen (FF) tissue, or tissue comprised in a solu-
tion that preserves nucleic acid or protein molecules. In some
embodiments, any one of the microarray analysis, the FISH
mutational analysis or the sequencing mutation analysis is not
performed. For example, a method may not be performed
unless the sample passes a quality control test. In some
embodiments, the quality control test comprises an A260/
A280 ratio or a Ct value of RT-PCR of RPL.13a mRNA. For
example, the quality control test can require an A260/A280
ratio <1.5 or the RPL13a Ct value is >30.

In some embodiments, the microarray expression profiling
is performed using a low density microarray, an expression
microarray, a comparative genomic hybridization (CGH)
microarray, a single nucleotide polymorphism (SNP)
microarray, a proteomic array or an antibody array.

The methods of the invention can require assaying of cer-
tain markers, including additional markers. In some embodi-
ments, the IHC expression profiling is performed on at least
SPARC, TOP2A and/or PTEN. The microarray expression
profiling can be performed on at least CD52. The IHC expres-
sion profiling further consists of assaying one or more of
DCK, EGFR, BRCA1, CK 14, CK 17, CK 5/6, E-Cadherin,
p95, PARP-1, SPARC and TLE3. In some embodiments, the
THC expression profiling further consists of assaying Cox-2
and/or Ki-67. In some embodiments, the microarray expres-
sion profiling further consists of assaying HSPCA. In some
embodiments, the FISH mutation profiling further consists of
assaying c-Myc and/or TOP2A. The sequencing mutation
profiling can comprise assaying PI3K.



US 9,092,392 B2

5

A number of genes and gene products can be assayed
according to the methods of the invention. For example, the
genes used for the IHC expression profiling, the microarray
expression profiling, the FISH mutation profiling, and the
sequencing mutation profiling independently comprise one
or more of ABCC1, ABCG2, ACE2, ADA, ADHI1C, ADH4,
AGT, Androgen receptor, AR, AREG, ASNS, BCL2, BCRP,
BDCALI, BIRCS, B-RAF, BRCA1, BRCA2, CA2, caveolin,
CD20, CD25, CD33, CD52, CDA, CDK2, CDW52, CES2,
CK 14, CK 17, CK 5/6, c-KIT, ¢-Myc, COX-2, Cyclin D1,
DCK, DHFR, DNMT1, DNMT3A, DNMT3B, E-Cadherin,
ECGF1, EGFR, EPHA2, Epiregulin, ER, ERBR2, ERCC1,
ERCC3, EREG, ESRI1, FLT1, folate receptor, FOLRI1,
FOLR2, FSHB, FSHPRH1, FSHR, FYN, GART, GNRHI1,
GNRHR1, GSTP1, HCK, HDAC1, Her2/Neu, HGF, HIF1A,
HIG1, HSP90, HSP90AA1, HSPCA, IL13RA1, IL2RA,
KDR, KIT, K-RAS, LCK, LTB, Lymphotoxin Beta Receptor,
LYN, MGMT, MLH1, MRP1, MS4Al, MSH2, Myc,
NFKB1,NFKB2, NFKBIA, ODC1, OGFR, p53, p95, PARP-
1, PDGFC, PDGFR, PDGFRA, PDGFRB, PGP, PGR, PI3K,
POLA, POLA1, PPARG, PPARGC1, PR, PTEN, PTGS2,
RAF1, RARA, RRM1, RRM2, RRM2B, RXRB, RXRG,
SPARC, SPARC MC, SPARC PC, SRC, SSTR1, SSTR2,
SSTR3, SSTR4, SSTRS, Survivin, TK1, TLE3, TNF, TOP1,
TOP2A, TOP2B, TOPO1, TOPO2B, Topoisomerase 11, TS,
TXN, TXNRDI1, TYMS, VDR, VEGF, VEGFA, VEGFC,
VHL, YES1 and ZAP70.

In some embodiments, the microarray expression analysis
comprises identifying whether a gene is upregulated or down-
regulated relative to a reference with statistical significance.
The statistical significance can be determined at a p-value of
less than or equal to 0.05, 0.01, 0.005, 0.001, 0.0005, or
0.0001. The p-value can also be corrected for multiple com-
parisons. Correction for multiple comparisons can include
Bonneferoni’s correction or a modification thereof.

In some embodiments, the IHC analysis comprises deter-
mining whether 30% or more of said sample is +2 or greater
in staining intensity.

The rules contained within the rules database used by the
methods of the invention can be based on the efficacy of
various treatments particular for a target gene or gene prod-
uct. The rules database can comprise the rules listed herein in
Table 1 and/or Table 2.

In some embodiments of the methods of the invention, a
prioritized list of candidate treatments are identified. Priori-
tizing can include ordering the treatments from higher prior-
ity to lower priority according to treatments based on
microarray analysis and either IHC or FISH analysis; treat-
ments based on IHC analysis but not microarray analysis; and
treatments based on microarray analysis but not IHC analysis.

In some embodiments of the methods of the invention, the
candidate treatment comprises administration of one or more
candidate therapeutic agents. The one or more candidate
therapeutic agents can be 5-fluorouracil, abarelix, Alemtu-
zumab, aminoglutethimide, Anastrazole, aromatase inhibi-
tors (anastrazole, letrozole), asparaginase, aspirin, ATRA,
azacitidine, bevacizumab, bexarotene, Bicalutamide, bort-
ezomib, calcitriol, capecitabine, Carboplatin, celecoxib,
Cetuximab, Chemoendocrine therapy, cholecalciferol, Cispl-
atin, carboplatin, Cyclophosphamide, Cyclophosphamide/
Vincristine, cytarabine, dasatinib, decitabine, Doxorubicin,
Epirubicin, epirubicin, Erlotinib, Etoposide, exemestane,
fluoropyrimidines, Flutamide, fulvestrant, Gefitinib, Gefi-
tinib and Trastuzumab, Gemcitabine, gonadorelin, Goserelin,
hydroxyurea, Imatinib, Irinotecan, Ixabepilone, Lapatinib,
Letrozole, Leuprolide, liposomal doxorubicin, medrox-
yprogesterone, megestrol, methotrexate, mitomycin, nab-pa-
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clitaxel, octreotide, Oxaliplatin, Paclitaxel, Panitumumab,
pegaspargase, pemetrexed, pentostatin, sorafenib, sunitinib,
Tamoxifen, Tamoxifen-based treatment, Temozolomide,
topotecan, toremifene, Trastuzumab, VBMCP/Cyclophos-
phamide, Vincristine, or any combination thereof. The one or
more candidate therapeutic agents can also be SFU, bevaci-
zumab, capecitabine, cetuximab, cetuximab+gemcitabine,
cetuximab+irinotecan,  cyclophosphohamide,  diethyl-
stibesterol, doxorubicin, erlotinib, etoposide, exemestane,
fluoropyrimidines, gemcitabine, gemcitabine+etoposide,
gemcitabine+pemetrexed, irinotecan, irinotecan+sorafenib,
lapatinib, lapatinib+tamoxifen, letrozole, letrozole+capecit-
abine, mitomycin, nab-paclitaxel, nab-paclitaxel+gemcitab-
ine, nab-paclitaxel+trastuzumab, oxaliplatin, oxaliplatin+
SFU+trastuzumab, panitumumab, pemetrexed, sorafenib,
sunitinib, sunitinib, sunitinib+mitomycin, tamoxifen, temo-
zolomide, temozolomide+bevacizumab, temozolomide+sor-
afenib, trastuzumab, vincristine, or any combination thereof.

In embodiments of the methods of the invention, the
sample comprises cancer cells. The cancer can be a metastatic
cancer. The cancer can be refractory to a prior treatment. The
prior treatment can be the standard of care for the cancer.
Sometimes, the subject has been previously treated with one
or more therapeutic agents to treat a cancer. Sometimes, the
subject has not previously been treated with one or more
candidate therapeutic agents identified.

In some embodiments, the cancer comprises a prostate,
lung, melanoma, small cell (esopha/retroperit), cholangiocar-
cinoma, mesothelioma, head and neck (SCC), pancreas, pan-
creas neuroendocrine, small cell, gastric, peritoneal
pseudomyxoma, anal Canal (SCC), vagina (SCC), cervical,
renal, eccrine seat adenocarinoma, salivary gland adenocari-
noma, uterine soft tissue sarcoma (uterine), GIST (Gastric),
or thyroid-anaplastic cancer. In some embodiments, the can-
cer comprises a cancer of the accessory, sinuses, middle and
inner ear, adrenal glands, appendix, hematopoietic system,
bones and joints, spinal cord, breast, cerebellum, cervix uteri,
connective and soft tissue, corpus uteri, esophagus, eye, nose,
eyeball, fallopian tube, extrahepatic bile ducts, mouth, intra-
hepatic bile ducts, kidney, appendix-colon, larynx, lip, liver,
lung and bronchus, lymph nodes, cerebral, spinal, nasal car-
tilage, retina, eye, oropharynx, endocrine glands, female
genital, ovary, pancreas, penis and scrotum, pituitary gland,
pleura, prostate gland, rectum renal pelvis, ureter, peritonem,
salivary gland, skin, small intestine, stomach, testis, thymus,
thyroid gland, tongue, unknown, urinary bladder, uterus,
vagina, labia, and vulva. In some embodiments, the sample
comprises cells selected from the group consisting of adipose,
adrenal cortex, adrenal gland, adrenal gland—medulla,
appendix, bladder, blood, blood vessel, bone, bone cartilage,
brain, breast, cartilage, cervix, colon, colon sigmoid, den-
dritic cells, skeletal muscle, enodmetrium, esophagus, fallo-
pian tube, fibroblast, gallbladder, kidney, larynx, liver, lung,
lymph node, melanocytes, mesothelial lining, myoepithelial
cells, osteoblasts, ovary, pancreas, parotid, prostate, salivary
gland, sinus tissue, skeletal muscle, skin, small intestine,
smooth muscle, stomach, synovium, joint lining tissue, ten-
don, testis, thymus, thyroid, uterus, and uterus corpus. In
some embodiments, the cancer comprises a breast, colorectal,
ovarian, lung, non-small cell lung cancer, cholangiocarci-
noma, mesothelioma, sweat gland, or GIST cancer.

Progression free survival (PFS) or disease free survival
(DFS) for the subject can be extended using the methods of
the invention. For example, the PFS or DFS can be extended
by at least about 10%, about 15%, about 20%, about 30%,
about 40%, about 50%, about 60%, about 70%, about 80%,
about 90%, or at least about 100% compared to prior treat-
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ment. In addition, the patient’s lifespan can be extended using
the methods of the invention to select a candidate treatment.
For example, the patient’s lifespan can be extended by at least
1 week, 2 weeks, 3 weeks, 4 weeks, 1 month, 5 weeks, 6
weeks, 7 weeks, 8 weeks, 2 months, 9 weeks, 10 weeks, 11
weeks, 12 weeks, 3 months, 4 months, 5 months, 6 months, 7
months, 8 months, 9 months, 10 months, 11 months, 12
months, 13 months, 14 months, 15 months, 16 months, 17
months, 18 months, 19 months, 20 months, 21 months, 22
months, 23 months, 24 months, 2 years, 2/ years, 3 years, 4
years, or by at least 5 years.

INCORPORATION BY REFERENCE

All publications and patent applications mentioned in this
specification are herein incorporated by reference to the same
extent as if each individual publication or patent application
was specifically and individually indicated to be incorporated
by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the features and advantages of
the present invention will be obtained by reference to the
following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are
utilized, and the accompanying drawings of which:

FIG. 1 illustrates a block diagram of an exemplary embodi-
ment of a system for determining individualized medical
intervention for a particular disease state that utilizes molecu-
lar profiling of a patient’s biological specimen that is non
disease specific.

FIG. 2 is a flowchart of an exemplary embodiment of a
method for determining individualized medical intervention
for a particular disease state that utilizes molecular profiling
of'a patient’s biological specimen that is non disease specific.

FIGS. 3 A through 3D illustrate an exemplary patient pro-
file report in accordance with step 80 of FIG. 2.

FIG. 4 is a flowchart of an exemplary embodiment of a
method for identifying a drug therapy/agent capable of inter-
acting with a target.

FIGS. 5-14 are flowcharts and diagrams illustrating vari-
ous parts of an information-based personalized medicine
drug discovery system and method in accordance with the
present invention.

FIGS. 15-25 are computer screen print outs associated with
various parts of the information-based personalized medicine
drug discovery system and method shown in FIGS. 5-14.

FIGS. 26 A-26H represent a table that shows the frequency
of a significant change in expression of gene expressed pro-
teins by tumor type.

FIGS. 27A-27H represent a table that shows the frequency
of a significant change in expression of certain genes by
tumor type.

FIGS. 28A-280 represent a table that shows the frequency
of a significant change in expression for certain gene
expressed proteins by tumor type.

FIG. 29 is a table which shows biomarkers (gene expressed
proteins) tagged as targets in order of frequency based on
FIG. 28.

FIGS. 30A-300 represent a table that shows the frequency
of a significant change in expression for certain genes by
tumor type.

FIG. 31 is a table which shows genes tagged as targets in
order of frequency based on FIG. 30.

FIG. 32 illustrates progression free survival (PFS) using
therapy selected by molecular profiling (period B) with PFS

20

30

40

45

60

65

8
for the most recent therapy on which the patient has just
progressed (period A). If PFS(B)/PFS(A) ratio =1.3, then
molecular profiling selected therapy was defined as having
benefit for patient.

FIG. 33 is a schematic of methods for identifying treat-
ments by molecular profiling if a target is identified.

FIG. 34 illustrates the distribution of the patients in the
study as performed in Example 1.

FIG. 35 is graph depicting the results of the study with
patients having PFS ratio =1.3 was 18/66 (27%).

FIG. 36 is a waterfall plot of all the patients for maximum
% change of summed siameters of target lesions with respect
to baseline diameter.

FIG. 37 illustrates the relationship between what clinician
selected as what she/he would use to treat the patient before
knowing what the molecular profiling results suggested.
There were no matches for the 18 patients with PFS ratio
=1.3.

FIG. 38 is a schematic of the overall survival for the 18
patients with PFS ratio =1.3 versus all 66 patients.

FIG. 39 shows an example output of microarray profiling
results and calls made using a cutoff value.

FIGS. 40A-40] illustrate an exemplary patient report based
on molecular profiling.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides methods and systems for
identifying targets for treatments by using molecular profil-
ing. The molecular profiling approach provides a method for
selecting a candidate treatment for an individual that could
favorably change the clinical course for an individual with a
condition or disease, such as cancer. The molecular profiling
approach can provide clinical benefit for individuals, such as
providing a longer progression free survival (PFS), longer
disease free survival (DFS), longer overall survival (OS) or
extended lifespan when treated using molecular profiling
approaches than using conventional approaches to selecting a
treatment regimen. Molecular profiling can suggest candidate
treatments when a disease is refractory to current therapies,
e.g., after a cancer has developed resistance to a standard-of-
care treatment.

Molecular profiling can be performed by any known means
for detecting a molecule in a biological sample. Profiling can
be performed on any applicable biological sample. The
sample typically comes from an individual with a suspected
or known disease or disorder, such as, but not limited to, a
biopsy sample from a cancer patient. Molecular profiling of
the sample can also be performed by any number of tech-
niques that assess the amount or state of a biological factor,
such as a DNA sequence, an mRNA sequence or a protein.
Such techniques include without limitation immunohis-
tochemistry (IHC), in situ hybridization (ISH), fluorescent in
situ hybridization (FISH), various types of microarray
(mRNA expression arrays, protein arrays, etc), various types
of sequencing (Sanger, pyrosequencing, etc), comparative
genomic hybridization (CGH), NextGen sequencing, North-
ern blot, Southern blot, immunoassay, and any other appro-
priate technique under development to assay the presence or
quantity of a biological molecule of interest. Any one or more
of these methods can be used concurrently or subsequent to
each other.

Molecular profiling is used to select a candidate treatment
for a disorder in a subject. For example, the candidate treat-
ment can be a treatment known to have an effect on cells that
differentially express genes as identified by molecular profil-
ing techniques. Differential expression can include either
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overexpression and underexpression of a biological product,
e.g., a gene, mRNA or protein, compared to a control. The
control can include similar cells to the sample but without the
disease. The control can be derived from the same patient,
e.g., a normal adjacent portion of the same organ as the
diseased cells, or the control can be derived from healthy
tissues from other patients. The control can be a control found
in the same sample, e.g. a housekeeping gene or a product
thereof (e.g., mRNA or protein). For example, a control
nucleic acid can be one which is known not to differ depend-
ing on the cancerous or non-cancerous state of the cell. The
expression level of a control nucleic acid can be used to
normalize signal levels in the test and reference populations.
Exemplary control genes include, but are not limited to, e.g.,
p-actin, glyceraldehyde 3-phosphate dehydrogenase and
ribosomal protein P1. Multiple controls or types of controls
can be used. The source of differential expression can vary.
For example, a gene copy number may be increased in a cell,
thereby resulting in increased expression of the gene. Alter-
nately, transcription of the gene may be modified, e.g., by
chromatin remodeling, differential methylation, differential
expression or activity of transcription factors, etc. Translation
may also be modified, e.g., by differential expression of fac-
tors that degrade mRNA, translate mRNA, or silence transla-
tion, e.g., microRNAs or siRNAs. In some embodiments,
differential expression comprises differential activity. For
example, a protein may carry a mutation that increases the
activity of the protein, such as constitutive activation, thereby
contributing to a diseased state. Molecular profiling that
reveals changes in activity can be used to guide treatment
selection.

When multiple drug targets are revealed as differentially
expressed by molecular profiling, decision rules can be put in
place to prioritize the selection of certain treatments. Any
such rule can be used that helps prioritize treatment can be
used to prioritize treatments, e.g., direct results of molecular
profiling, anticipated efficacy, prior history with the same or
other treatments, expected side effects, availability, cost,
drug-drug interactions, and other factors considered by a
treating physician. The physician can ultimately decide on the
course of treatment. Accordingly, molecular profiling can
select candidate treatments based on individual characteris-
tics of diseased cells, e.g., tumor cells, and other personalized
factors in a subject in need of treatment, as opposed to relying
on a traditional one-size fits all approach taken to target
therapy against a certain indication. In some cases, the rec-
ommended treatments are those not typically used to treat the
disease or disorder inflicting the subject. In some cases, the
recommended treatments are used after standard-of-care
therapies are no longer providing adequate efficacy.

Nucleic acids include deoxyribonucleotides or ribonucle-
otides and polymers thereof in either single- or double-
stranded form, and complements thereof. Nucleic acids can
contain known nucleotide analogs or modified backbone resi-
dues or linkages, which are synthetic, naturally occurring,
and non-naturally occurring, which have similar binding
properties as the reference nucleic acid, and which are
metabolized in a manner similar to the reference nucleotides.
Examples of such analogs include, without limitation, phos-
phorothioates, phosphoramidates, methyl phosphonates,
chiral-methyl phosphonates, 2-O-methyl ribonucleotides,
peptide-nucleic acids (PNAs). Nucleic acid sequence can
encompass conservatively modified variants thereof (e.g.,
degenerate codon substitutions) and complementary
sequences, as well as the sequence explicitly indicated. Spe-
cifically, degenerate codon substitutions may be achieved by
generating sequences in which the third position of one or
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more selected (or all) codons is substituted with mixed-base
and/or deoxyinosine residues (Batzer et al., Nucleic Acid Res.
19:5081 (1991); Ohtsuka et al., J. Biol. Chem. 260:2605-
2608 (1985); Rossolini et al., Mol. Cell. Probes 8:91-98
(1994)). The term nucleic acid can be used interchangeably
with gene, cDNA, mRNA, oligonucleotide, and polynucle-
otide.

A particular nucleic acid sequence may implicitly encom-
pass the particular sequence and “splice variants” and nucleic
acid sequences encoding truncated forms. Similarly, a par-
ticular protein encoded by a nucleic acid can encompass any
protein encoded by a splice variant or truncated form of that
nucleic acid. “Splice variants,” as the name suggests, are
products of alternative splicing of a gene. After transcription,
an initial nucleic acid transcript may be spliced such that
different (alternate) nucleic acid splice products encode dif-
ferent polypeptides. Mechanisms for the production of splice
variants vary, but include alternate splicing of exons. Alter-
nate polypeptides derived from the same nucleic acid by
read-through transcription are also encompassed by this defi-
nition. Any products of a splicing reaction, including recom-
binant forms of the splice products, are included in this defi-
nition. Nucleic acids can be truncated at the 5' end or at the 3'
end. Polypeptides can be truncated at the N-terminal end or
the C-terminal end. Truncated versions of nucleic acid or
polypeptide sequences can be naturally occurring or recom-
binantly created.

The terms “genetic variant” and “nucleotide variant” are
used herein interchangeably to refer to changes or alterations
to the reference human gene or cDNA sequence at a particular
locus, including, but not limited to, nucleotide base deletions,
insertions, inversions, and substitutions in the coding and
non-coding regions. Deletions may be of a single nucleotide
base, a portion or a region of the nucleotide sequence of the
gene, or of the entire gene sequence. Insertions may be of one
or more nucleotide bases. The genetic variant or nucleotide
variant may occur in transcriptional regulatory regions,
untranslated regions of mRNA, exons, introns, exon/intron
junctions, etc. The genetic variant or nucleotide variant can
potentially result in stop codons, frame shifts, deletions of
amino acids, altered gene transcript splice forms or altered
amino acid sequence.

An allele or gene allele comprises generally a naturally
occurring gene having a reference sequence or a gene con-
taining a specific nucleotide variant.

A haplotype refers to a combination of genetic (nucleotide)
variants in a region of an mRNA or a genomic DNA on a
chromosome found in an individual. Thus, a haplotype
includes a number of genetically linked polymorphic variants
which are typically inherited together as a unit.

As used herein, the term “amino acid variant” is used to
refer to an amino acid change to a reference human protein
sequence resulting from genetic variants or nucleotide vari-
ants to the reference human gene encoding the reference
protein. The term “amino acid variant™ is intended to encom-
pass not only single amino acid substitutions, but also amino
acid deletions, insertions, and other significant changes of
amino acid sequence in the reference protein.

The term “genotype” as used herein means the nucleotide
characters at a particular nucleotide variant marker (or locus)
in either one allele or both alleles of a gene (or a particular
chromosome region). With respect to a particular nucleotide
position of a gene of interest, the nucleotide(s) at that locus or
equivalent thereof in one or both alleles form the genotype of
the gene at that locus. A genotype can be homozygous or
heterozygous. Accordingly, “genotyping” means determin-
ing the genotype, that is, the nucleotide(s) at a particular gene
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locus. Genotyping can also be done by determining the amino
acid variant at a particular position of a protein which can be
used to deduce the corresponding nucleotide variant(s).

The term “locus” refers to a specific position or site in a
gene sequence or protein. Thus, there may be one or more
contiguous nucleotides in a particular gene locus, or one or
more amino acids at a particular locus in a polypeptide. More-
over, a locus may refer to a particular position in a gene where
one or more nucleotides have been deleted, inserted, or
inverted.

As used herein, the terms “polypeptide,” “protein,” and
“peptide” are used interchangeably to refer to an amino acid
chain in which the amino acid residues are linked by covalent
peptide bonds. The amino acid chain can be of any length of
at least two amino acids, including full-length proteins.
Unless otherwise specified, polypeptide, protein, and peptide
also encompass various modified forms thereof, including but
not limited to glycosylated forms, phosphorylated forms, etc.
A polypeptide, protein or peptide can also be referred to as a
gene product.

Lists of gene and gene products that can be assayed by
molecular profiling techniques are presented herein. Lists of
genes may be presented in the context of molecular profiling
techniques that detect a gene product (e.g., an mRNA or
protein). One of skill will understand that this implies detec-
tion of the gene product of the listed genes. Similarly, lists of
gene products may be presented in the context of molecular
profiling techniques that detect a gene sequence or copy num-
ber. One of skill will understand that this implies detection of
the gene corresponding to the gene products, including as an
example DNA encoding the gene products. As will be appre-
ciated by those skilled in the art, a “biomarker” or “marker”
comprises a gene and/or gene product depending on the con-
text.

The terms “label” and “detectable label” can refer to any
composition detectable by spectroscopic, photochemical,
biochemical, immunochemical, electrical, optical, chemical
or similar methods. Such labels include biotin for staining
with labeled streptavidin conjugate, magnetic beads (e.g.,
DYNABEADS™) fluorescent dyes (e.g., fluorescein, Texas
red, rhodamine, green fluorescent protein, and the like),
radiolabels (e.g., °H, **°L, S, *C, or **P), enzymes (e.g.,
horse radish peroxidase, alkaline phosphatase and others
commonly used in an ELISA), and calorimetric labels such as
colloidal gold or colored glass or plastic (e.g., polystyrene,
polypropylene, latex, etc) beads. Patents teaching the use of
such labels include U.S. Pat. Nos. 3,817,837, 3,850,752;
3,939,350, 3,996,345; 4,277,437, 4,275,149; and 4,366,241.
Means of detecting such labels are well known to those of
skill inthe art. Thus, for example, radiolabels may be detected
using photographic film or scintillation counters, fluorescent
markers may be detected using a photodetector to detect
emitted light. Enzymatic labels are typically detected by pro-
viding the enzyme with a substrate and detecting the reaction
product produced by the action of the enzyme on the sub-
strate, and calorimetric labels are detected by simply visual-
izing the colored label. Labels can include, e.g., ligands that
bind to labeled antibodies, fluorophores, chemiluminescent
agents, enzymes, and antibodies which can serve as specific
binding pair members for a labeled ligand. An introduction to
labels, labeling procedures and detection of labels is found in
Polak and Van Noorden Introduction to Immunocytochemis-
try, 2nd ed., Springer Verlag, NY (1997); and in Haugland
Handbook of Fluorescent Probes and Research Chemicals, a
combined handbook and catalogue Published by Molecular
Probes, Inc. (1996).
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Detectable labels include, but are not limited to, nucle-
otides (labeled or unlabelled), compomers, sugars, peptides,
proteins, antibodies, chemical compounds, conducting poly-
mers, binding moieties such as biotin, mass tags, calorimetric
agents, light emitting agents, chemiluminescent agents, light
scattering agents, fluorescent tags, radioactive tags, charge
tags (electrical or magnetic charge), volatile tags and hydro-
phobic tags, biomolecules (e.g., members of a binding pair
antibody/antigen, antibody/antibody, antibody/antibody
fragment, antibody/antibody receptor, antibody/protein A or
protein G, hapten/anti-hapten, biotin/avidin, biotin/streptavi-
din, folic acid/folate binding protein, vitamin B12/intrinsic
factor, chemical reactive group/complementary chemical
reactive group (e.g., sulthydryl/maleimide, sulthydryl/halo-
acetyl derivative, amine/isotriocyanate, amine/succinimidyl
ester, and amine/sulfonyl halides) and the like.

The term “antibody” as used herein encompasses naturally
occurring antibodies as well as non-naturally occurring anti-
bodies, including, for example, single chain antibodies, chi-
meric, bifunctional and humanized antibodies, as well as
antigen-binding fragments thereof, (e.g., Fab', F(ab'),, Fab,
Fv and rlgG). See also, Pierce Catalog and Handbook, 1994-
1995 (Pierce Chemical Co., Rockford, Ill.). See also, e.g.,
Kuby, J., Immunology, 3.sup.rd Ed., W. H. Freeman & Co.,
New York (1998). Such non-naturally occurring antibodies
can be constructed using solid phase peptide synthesis, can be
produced recombinantly or can be obtained, for example, by
screening combinatorial libraries consisting of variable
heavy chains and variable light chains as described by Huse et
al., Science 246:1275-1281 (1989), which is incorporated
herein by reference. These and other methods of making, for
example, chimeric, humanized, CDR-grafted, single chain,
and bifunctional antibodies are well known to those skilled in
the art. See, e.g., Winter and Harris, Immunol. Today 14:243-
246 (1993); Ward et al., Nature 341:544-546 (1989); Harlow
and Lane, Antibodies, 511-52, Cold Spring Harbor Labora-
tory publications, New York, 1988; Hilyard et al., Protein
Engineering: A practical approach (IRL Press 1992); Borre-
baeck, Antibody Engineering, 2d ed. (Oxford University
Press 1995); each of which is incorporated herein by refer-
ence.

Unless otherwise specified, antibodies can include both
polyclonal and monoclonal antibodies. Antibodies also
include genetically engineered forms such as chimeric anti-
bodies (e.g., humanized murine antibodies) and heteroconju-
gate antibodies (e.g., bispecific antibodies). The term also
refers to recombinant single chain Fv fragments (scFv). The
term antibody also includes bivalent or bispecific molecules,
diabodies, triabodies, and tetrabodies. Bivalent and bispecific
molecules are described in, e.g., Kostelny et al. (1992) J
Immunol 148:1547, Pack and Pluckthun (1992) Biochemis-
try 31:1579, Holliger et al. (1993) Proc Natl Acad Sci USA.
90:6444, Gruber et al. (1994) J Immunol: 5368, Zhu et al.
(1997) Protein Sci 6:781, Hu et al. (1997) Cancer Res.
56:3055, Adams et al. (1993) Cancer Res. 53:4026, and
MecCartney, et al. (1995) Protein Eng. 8:301.

Typically, an antibody has a heavy and light chain. Each
heavy and light chain contains a constant region and a vari-
able region, (the regions are also known as “domains”). Light
and heavy chain variable regions contain four framework
regions interrupted by three hyper-variable regions, also
called complementarity-determining regions (CDRs). The
extent of the framework regions and CDRs have been defined.
The sequences of the framework regions of different light or
heavy chains are relatively conserved within a species. The
framework region of an antibody, that is the combined frame-
work regions of the constituent light and heavy chains, serves
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to position and align the CDRs in three dimensional spaces.
The CDRs are primarily responsible for binding to an epitope
of'an antigen. The CDRs of each chain are typically referred
to as CDR1, CDR2, and CDR3, numbered sequentially start-
ing from the N-terminus, and are also typically identified by
the chain in which the particular CDR is located. Thus, a V,
CDR3 is located in the variable domain of the heavy chain of
the antibody in which it is found, whereas a V; CDR1 is the
CDRI1 from the variable domain of the light chain of the
antibody in which it is found. References to V, refer to the
variable region of an immunoglobulin heavy chain of an
antibody, including the heavy chain of an Fv, scFv, or Fab.
References to V refer to the variable region of an immuno-
globulin light chain, including the light chain of an Fv, scFv,
dsFv or Fab.

The phrase “single chain Fv” or “scFv” refers to an anti-
body in which the variable domains of the heavy chain and of
the light chain of a traditional two chain antibody have been
joined to form one chain. Typically, a linker peptide is
inserted between the two chains to allow for proper folding
and creation of an active binding site. A “chimeric antibody”
is an immunoglobulin molecule in which (a) the constant
region, or a portion thereof, is altered, replaced or exchanged
so that the antigen binding site (variable region) is linked to a
constant region of a different or altered class, effector func-
tion and/or species, or an entirely different molecule which
confers new properties to the chimeric antibody, e.g., an
enzyme, toxin, hormone, growth factor, drug, etc.; or (b) the
variable region, or a portion thereof, is altered, replaced or
exchanged with a variable region having a different or altered
antigen specificity.

A “humanized antibody” is an immunoglobulin molecule
that contains minimal sequence derived from non-human
immunoglobulin. Humanized antibodies include human
immunoglobulins (recipient antibody) in which residues
from a complementary determining region (CDR) of the
recipient are replaced by residues from a CDR of a non-
human species (donor antibody) such as mouse, rat or rabbit
having the desired specificity, affinity and capacity. In some
instances, Fv framework residues of the human immunoglo-
bulin are replaced by corresponding non-human residues.
Humanized antibodies may also comprise residues which are
found neither in the recipient antibody nor in the imported
CDR or framework sequences. In general, a humanized anti-
body will comprise substantially all of at least one, and typi-
cally two, variable domains, in which all or substantially all of
the CDR regions correspond to those of a non-human immu-
noglobulin and all or substantially all of the framework (FR)
regions are those of a human immunoglobulin consensus
sequence. The humanized antibody optimally also will com-
prise at least a portion of an immunoglobulin constant region
(Fe), typically that of a human immunoglobulin (Jones et al.,
Nature 321:522-525 (1986); Riechmann et al., Nature 332:
323-327 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596
(1992)). Humanization can be essentially performed follow-
ing the method of Winter and co-workers (Jones et al., Nature
321:522-525 (1986); Riechmann et al., Nature 332:323-327
(1988); Verhoeyen et al., Science 239:1534-1536 (1988)), by
substituting rodent CDRs or CDR sequences for the corre-
sponding sequences of a human antibody. Accordingly, such
humanized antibodies are chimeric antibodies (U.S. Pat. No.
4,816,567), wherein substantially less than an intact human
variable domain has been substituted by the corresponding
sequence from a non-human species.

The terms “epitope” and “antigenic determinant” refer to a
site on an antigen to which an antibody binds. Epitopes can be
formed both from contiguous amino acids or noncontiguous

15

40

45

50

14

amino acids juxtaposed by tertiary folding of a protein.
Epitopes formed from contiguous amino acids are typically
retained on exposure to denaturing solvents whereas epitopes
formed by tertiary folding are typically lost on treatment with
denaturing solvents. An epitope typically includes at least 3,
and more usually, at least 5 or 8-10 amino acids in a unique
spatial conformation. Methods of determining spatial confor-
mation of epitopes include, for example, x-ray crystallogra-
phy and 2-dimensional nuclear magnetic resonance. See, e.g.,
Epitope Mapping Protocols in Methods in Molecular Biol-
ogy, Vol. 66, Glenn E. Morris, Ed (1996).

The terms “primer”, “probe,” and “oligonucleotide” are
used herein interchangeably to refer to a relatively short
nucleic acid fragment or sequence. They can comprise DNA,
RNA, or a hybrid thereof, or chemically modified analog or
derivatives thereof. Typically, they are single-stranded. How-
ever, they can also be double-stranded having two comple-
menting strands which can be separated by denaturation.
Normally, primers, probes and oligonucleotides have a length
of from about 8 nucleotides to about 200 nucleotides, prefer-
ably from about 12 nucleotides to about 100 nucleotides, and
more preferably about 18 to about 50 nucleotides. They can
be labeled with detectable markers or modified using conven-
tional manners for various molecular biological applications.

The term “isolated” when used in reference to nucleic acids
(e.g., genomic DNAs, cDNAs, mRNAs, or fragments thereof)
is intended to mean that a nucleic acid molecule is present in
a form that is substantially separated from other naturally
occurring nucleic acids that are normally associated with the
molecule. Because a naturally existing chromosome (or a
viral equivalent thereof) includes a long nucleic acid
sequence, an isolated nucleic acid can be a nucleic acid mol-
ecule having only a portion of the nucleic acid sequence in the
chromosome but not one or more other portions present on the
same chromosome. More specifically, an isolated nucleic
acid can include naturally occurring nucleic acid sequences
that flank the nucleic acid in the naturally existing chromo-
some (or a viral equivalent thereof). An isolated nucleic acid
can be substantially separated from other naturally occurring
nucleic acids that are on a different chromosome of the same
organism. An isolated nucleic acid can also be a composition
in which the specified nucleic acid molecule is significantly
enriched so as to constitute at least 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, 95%, or at least 99% of the total
nucleic acids in the composition.

An isolated nucleic acid can be a hybrid nucleic acid hav-
ing the specified nucleic acid molecule covalently linked to
one or more nucleic acid molecules that are not the nucleic
acids naturally flanking the specified nucleic acid. For
example, an isolated nucleic acid can be in a vector. In addi-
tion, the specified nucleic acid may have a nucleotide
sequence that is identical to a naturally occurring nucleic acid
or a modified form or mutein thereof having one or more
mutations such as nucleotide substitution, deletion/insertion,
inversion, and the like.

An isolated nucleic acid can be prepared from a recombi-
nant host cell (in which the nucleic acids have been recom-
binantly amplified and/or expressed), or can be a chemically
synthesized nucleic acid having a naturally occurring nucle-
otide sequence or an artificially modified form thereof.

The term “isolated polypeptide” as used herein is defined
as a polypeptide molecule that is present in a form other than
that found in nature. Thus, an isolated polypeptide can be a
non-naturally occurring polypeptide. For example, an iso-
lated polypeptide can be a “hybrid polypeptide.” An isolated
polypeptide can also be a polypeptide derived from a natu-
rally occurring polypeptide by additions or deletions or sub-
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stitutions of amino acids. An isolated polypeptide can also be
a “purified polypeptide” which is used herein to mean a
composition or preparation in which the specified polypep-
tide molecule is significantly enriched so as to constitute at
least 10% of the total protein content in the composition. A
“purified polypeptide” can be obtained from natural or
recombinant host cells by standard purification techniques, or
by chemically synthesis, as will be apparent to skilled arti-
sans.

The terms “hybrid protein,” “hybrid polypeptide,” “hybrid
peptide,” “fusion protein,” “fusion polypeptide,” and “fusion
peptide” are used herein interchangeably to mean a non-
naturally occurring polypeptide or isolated polypeptide hav-
ing a specified polypeptide molecule covalently linked to one
or more other polypeptide molecules that do not link to the
specified polypeptide in nature. Thus, a “hybrid protein” may
be two naturally occurring proteins or fragments thereof
linked together by a covalent linkage. A “hybrid protein” may
also be a protein formed by covalently linking two artificial
polypeptides together. Typically but not necessarily, the two
or more polypeptide molecules are linked or “fused” together
by a peptide bond forming a single non-branched polypeptide
chain.

The term “high stringency hybridization conditions,” when
used in connection with nucleic acid hybridization, includes
hybridization conducted overnight at 42° C. in a solution
containing 50% formamide, 5xSSC (750 mM NaCl, 75 mM
sodium citrate), 50 mM sodium phosphate, pH 7.6, SxDen-
hardt’s solution, 10% dextran sulfate, and 20 microgram/ml
denatured and sheared salmon sperm DNA, with hybridiza-
tion filters washed in 0.1xSSC at about 65° C. The term
“moderate stringent hybridization conditions,” when used in
connection with nucleic acid hybridization, includes hybrid-
ization conducted overnight at 37° C. in a solution containing
50% formamide, 5xSSC (750 mM NaCl, 75 mM sodium
citrate), 50 mM sodium phosphate, pH 7.6, SxDenhardt’s
solution, 10% dextran sulfate, and 20 microgram/ml dena-
tured and sheared salmon sperm DNA, with hybridization
filters washed in 1xSSC at about 50° C. It is noted that many
other hybridization methods, solutions and temperatures can
be used to achieve comparable stringent hybridization condi-
tions as will be apparent to skilled artisans.

For the purpose of comparing two different nucleic acid or
polypeptide sequences, one sequence (test sequence) may be
described to be a specific percentage identical to another
sequence (comparison sequence). The percentage identity
can be determined by the algorithm of Karlin and Altschul,
Proc. Natl. Acad. Sci. USA, 90:5873-5877 (1993), which is
incorporated into various BLAST programs. The percentage
identity can be determined by the “BLAST 2 Sequences”
tool, which is available at the National Center for Biotech-
nology Information (NCBI) website. See Tatusova and Mad-
den, FEMS Microbiol. Lett., 174(2):247-250 (1999). For
pairwise DNA-DNA comparison, the BLASTN program is
used with default parameters (e.g., Match: 1; Mismatch:-2;
Open gap: 5 penalties; extension gap: 2 penalties; gap
x_dropoft: 50; expect: 10; and word size: 11, with filter). For
pairwise protein-protein sequence comparison, the BLASTP
program can be employed using default parameters (e.g.,
Matrix: BLOSUMG62; gap open: 11; gap extension: 1;
x_dropoft: 15; expect: 10.0; and wordsize: 3, with filter).
Percent identity of two sequences is calculated by aligning a
test sequence with a comparison sequence using BLAST,
determining the number of amino acids or nucleotides in the
aligned test sequence that are identical to amino acids or
nucleotides in the same position of the comparison sequence,
and dividing the number of identical amino acids or nucle-
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otides by the number of amino acids or nucleotides in the
comparison sequence. When BLAST is used to compare two
sequences, it aligns the sequences and yields the percent
identity over defined, aligned regions. If the two sequences
are aligned across their entire length, the percent identity
yielded by the BLAST is the percent identity of the two
sequences. [f BLAST does not align the two sequences over
their entire length, then the number of identical amino acids
or nucleotides in the unaligned regions of the test sequence
and comparison sequence is considered to be zero and the
percent identity is calculated by adding the number of iden-
tical amino acids or nucleotides in the aligned regions and
dividing that number by the length of the comparison
sequence. Various versions of the BLAST programs can be
used to compare sequences, e.g, BLAST 2.1.2 or BLAST+
2.2.22.

A subject can be any animal which may benefit from the
methods of the invention, including, e.g., humans and non-
human mammals, such as primates, rodents, horses, dogs and
cats. Subjects include without limitation a eukaryotic organ-
isms, most preferably a mammal such as a primate, e.g.,
chimpanzee or human, cow; dog; cat; a rodent, e.g., guinea
pig, rat, mouse; rabbit; or a bird; reptile; or fish. Subjects
specifically intended for treatment using the methods
described herein include humans. A subject may be referred
to as an individual or a patient.

Treatment of a disease or individual according to the inven-
tion is an approach for obtaining beneficial or desired medical
results, including clinical results, but not necessarily a cure.
For purposes of this invention, beneficial or desired clinical
results include, but are not limited to, alleviation or amelio-
ration of one or more symptoms, diminishment of extent of
disease, stabilized (i.e., not worsening) state of disease, pre-
venting spread of disease, delay or slowing of disease pro-
gression, amelioration or palliation of the disease state, and
remission (whether partial or total), whether detectable or
undetectable. Treatment also includes prolonging survival as
compared to expected survival if not receiving treatment or if
receiving a different treatment. A treatment can include
administration of a therapeutic agent, which can be an agent
that exerts a cytotoxic, cytostatic, or immunomodulatory
effect on diseased cells, e.g., cancer cells, or other cells that
may promote a diseased state, e.g., activated immune cells.
Therapeutic agents selected by the methods of the invention
are not limited. Any therapeutic agent can be selected where
a link can be made between molecular profiling and potential
efficacy of the agent. Therapeutic agents include without
limitation small molecules, protein therapies, antibody thera-
pies, viral therapies, gene therapies, and the like. Cancer
treatments or therapies include apoptosis-mediated and non-
apoptosis mediated cancer therapies including, without limi-
tation, chemotherapy, hormonal therapy, radiotherapy,
immunotherapy, and combinations thereof. Chemotherapeu-
tic agents comprise therapeutic agents and combination of
therapeutic agents that treat, e.g., kill, cancer cells. Examples
of different types of chemotherapeutic drugs include without
limitation alkylating agents (e.g., nitrogen mustard deriva-
tives, ethylenimines, alkylsulfonates, hydrazines and triaz-
ines, nitrosureas, and metal salts), plant alkaloids (e.g., vinca
alkaloids, taxanes, podophyllotoxins, and camptothecan ana-
logs), antitumor antibiotics (e.g., anthracyclines, chromomy-
cins, and the like), antimetabolites (e.g., folic acid antago-
nists, pyrimidine antagonists, purine antagonists, and
adenosine deaminase inhibitors), topoisomerase [ inhibitors,
topoisomerase II inhibitors, and miscellaneous antineoplas-
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tics (e.g., ribonucleotide reductase inhibitors, adrenocortical
steroid inhibitors, enzymes, antimicrotubule agents, and ret-
inoids).

A sample as used herein includes any relevant sample that
can be used for molecular profiling, e.g., sections of tissues
such as biopsy or tissue removed during surgical or other
procedures, autopsy samples, and frozen sections taken for
histological purposes. Such samples include blood and blood
fractions or products (e.g., serum, bufty coat, plasma, plate-
lets, red blood cells, and the like), sputum, cheek cells tissue,
cultured cells (e.g., primary cultures, explants, and trans-
formed cells), stool, urine, other biological or bodily fluids
(e.g., prostatic fluid, gastric fluid, intestinal fluid, renal fluid,
lung fluid, cerebrospinal fluid, and the like), etc. A sample
may be processed according to techniques understood by
those in the art. A sample can be without limitation fresh,
frozen or fixed. In some embodiments, a sample comprises
formalin-fixed paraffin-embedded (FFPE) tissue or fresh fro-
zen (FF) tissue. A sample can comprise cultured cells, includ-
ing primary or immortalized cell lines derived from a subject
sample. A sample can also refer to an extract from a sample
from a subject. For example, a sample can comprise DNA,
RNA or protein extracted from a tissue or a bodily fluid. Many
techniques and commercial kits are available for such pur-
poses. The fresh sample from the individual can be treated
with an agent to preserve RNA prior to further processing,
e.g., cell lysis and extraction. Samples can include frozen
samples collected for other purposes. Samples can be associ-
ated with relevant information such as age, gender, and clini-
cal symptoms present in the subject; source of the sample; and
methods of collection and storage of the sample. A sample is
typically obtained from a subject.

A biopsy comprises the process of removing a tissue
sample for diagnostic or prognostic evaluation, and to the
tissue specimen itself. Any biopsy technique known in the art
can be applied to the molecular profiling methods of the
present invention. The biopsy technique applied can depend
on the tissue type to be evaluated (e.g., colon, prostate, kid-
ney, bladder, lymph node, liver, bone marrow, blood cell,
lung, breast, etc.), the size and type of the tumor (e.g., solid or
suspended, blood or ascites), among other factors. Represen-
tative biopsy techniques include, but are not limited to, exci-
sional biopsy, incisional biopsy, needle biopsy, surgical
biopsy, and bone marrow biopsy. An “excisional biopsy”
refers to the removal of an entire tumor mass with a small
margin of normal tissue surrounding it. An “incisional
biopsy” refers to the removal of a wedge of tissue that
includes a cross-sectional diameter of the tumor. Molecular
profiling can use a “core-needle biopsy” of the tumor mass, or
a “fine-needle aspiration biopsy” which generally obtains a
suspension of cells from within the tumor mass. Biopsy tech-
niques are discussed, for example, in Harrison’s Principles of
Internal Medicine, Kasper, etal., eds., 16th ed., 2005, Chapter
70, and throughout Part V.

Standard molecular biology techniques known in the art
and not specifically described are generally followed as in
Sambrook et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Laboratory Press, New York (1989), and
as in Ausubel et al., Current Protocols in Molecular Biology,
John Wiley and Sons, Baltimore, Md. (1989) and as in Perbal,
A Practical Guide to Molecular Cloning, John Wiley & Sons,
New York (1988), and as in Watson et al., Recombinant DNA,
Scientific American Books, New York and in Birren et al (eds)
Genome Analysis: A Laboratory Manual Series, Vols. 1-4
Cold Spring Harbor Laboratory Press, New York (1998) and
methodology as set forth in U.S. Pat. Nos. 4,666,828; 4,683,
202; 4,801,531; 5,192,659 and 5,272,057 and incorporated
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herein by reference. Polymerase chain reaction (PCR) can be
carried out generally as in PCR Protocols: A Guide to Meth-
ods and Applications, Academic Press, San Diego, Calif.
(1990).

Gene Expression Profiling

In some aspects of the inventions, the biomarkers are
assessed by gene expression profiling. Methods of gene
expression profiling include methods based on hybridization
analysis of polynucleotides, and methods based on sequenc-
ing of polynucleotides. Commonly used methods known in
the art for the quantification of mRNA expression in a sample
include northern blotting and in situ hybridization (Parker &
Barnes (1999) Methods in Molecular Biology 106:247-283);
RNAse protection assays (Hod (1992) Biotechniques 13:852-
854); and reverse transcription polymerase chain reaction
(RT-PCR) (Weis et al. (1992) Trends in Genetics 8:263-264).
Alternatively, antibodies may be employed that can recognize
specific duplexes, including DNA duplexes, RNA duplexes,
and DNA-RNA hybrid duplexes or DNA-protein duplexes.
Representative methods for sequencing-based gene expres-
sion analysis include Serial Analysis of Gene Expression
(SAGE), and gene expression analysis by massively parallel
signature sequencing (MPSS).

Reverse Transcriptase PCR (RT-PCR)

RT-PCR can be used to determine RNA levels, e.g., mRNA
or miRNA levels, of the biomarkers of the invention. RT-PCR
can beused to compare such RNA levels of the biomarkers of
the invention in different sample populations, in normal and
tumor tissues, with or without drug treatment, to characterize
patterns of gene expression, to discriminate between closely
related RNAs, and to analyze RNA structure.

The first step is the isolation of RNA, e.g., mRNA, from a
sample. The starting material can be total RNA isolated from
human tumors or tumor cell lines, and corresponding normal
tissues or cell lines, respectively. Thus RNA can be isolated
from a sample, e.g., tumor cells or tumor cell lines, and
compared with pooled DNA from healthy donors. If the
source of mRNA is a primary tumor, mRNA can be extracted,
for example, from frozen or archived paraffin-embedded and
fixed (e.g. formalin-fixed) tissue samples.

General methods for nRNA extraction are well known in
the art and are disclosed in standard textbooks of molecular
biology, including Ausubel et al. (1997) Current Protocols of
Molecular Biology, John Wiley and Sons. Methods for RNA
extraction from paraftin embedded tissues are disclosed, for
example, in Rupp & Locker (1987) Lab Invest. 56:A67, and
De Andres et al., BioTechniques 18:42044 (1995). In particu-
lar, RNA isolation can be performed using purification kit,
buffer set and protease from commercial manufacturers, such
as Qiagen, according to the manufacturer’s instructions
(QIAGEN Inc., Valencia, Calif). For example, total RNA
from cells in culture can be isolated using Qiagen RNeasy
mini-columns. Numerous RNA isolation kits are commer-
cially available and can be used in the methods of the inven-
tion.

In the alternative, the first step is the isolation of miRNA
from a target sample. The starting material is typically total
RNA isolated from human tumors or tumor cell lines, and
corresponding normal tissues or cell lines, respectively. Thus
RNA can be isolated from a variety of primary tumors or
tumor cell lines, with pooled DNA from healthy donors. Ifthe
source of miRNA is a primary tumor, miRNA can be
extracted, for example, from frozen or archived paraffin-
embedded and fixed (e.g. formalin-fixed) tissue samples.

General methods for miRNA extraction are well known in
the art and are disclosed in standard textbooks of molecular
biology, including Ausubel et al. (1997) Current Protocols of
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Molecular Biology, John Wiley and Sons. Methods for RNA
extraction from paraffin embedded tissues are disclosed, for
example, in Rupp & Locker (1987) Lab Invest. 56:A67, and
De Andres et al., BioTechniques 18:42044 (1995). In particu-
lar, RNA isolation can be performed using purification kit,
buffer set and protease from commercial manufacturers, such
as Qiagen, according to the manufacturer’s instructions. For
example, total RNA from cells in culture can be isolated using
Qiagen RNeasy mini-columns. Numerous RNA isolation kits
are commercially available and can be used in the methods of
the invention.

Whether the RNA comprises mRNA, miRNA or other
types of RNA, gene expression profiling by RT-PCR can
include reverse transcription of the RNA template into cDNA,
followed by amplification in a PCR reaction. Commonly used
reverse transcriptases include, but are not limited to, avilo
myeloblastosis virus reverse transcriptase (AMV-RT) and
Moloney murine leukemia virus reverse transcriptase
(MMLV-RT). The reverse transcription step is typically
primed using specific primers, random hexamers, or oligo-dT
primers, depending on the circumstances and the goal of
expression profiling. For example, extracted RNA can be
reverse-transcribed using a GeneAmp RNA PCR kit (Perkin
Elmer, Calif., USA), following the manufacturer’s instruc-
tions. The derived cDNA can then be used as a template in the
subsequent PCR reaction.

Although the PCR step can use a variety of thermostable
DNA-dependent DNA polymerases, it typically employs the
Taq DNA polymerase, which has a 5'-3' nuclease activity but
lacks a 3'-5' proofreading endonuclease activity. TagMan
PCR typically utilizes the 5'-nuclease activity of Taq or Tth
polymerase to hydrolyze a hybridization probe bound to its
target amplicon, but any enzyme with equivalent 5' nuclease
activity can be used. Two oligonucleotide primers are used to
generate an amplicon typical of a PCR reaction. A third
oligonucleotide, or probe, is designed to detect nucleotide
sequence located between the two PCR primers. The probe is
non-extendible by Taq DNA polymerase enzyme, and is
labeled with a reporter fluorescent dye and a quencher fluo-
rescent dye. Any laser-induced emission from the reporter
dye is quenched by the quenching dye when the two dyes are
located close together as they are on the probe. During the
amplification reaction, the Taq DNA polymerase enzyme
cleaves the probe in a template-dependent manner. The result-
ant probe fragments disassociate in solution, and signal from
the released reporter dye is free from the quenching effect of
the second fluorophore. One molecule of reporter dye is lib-
erated for each new molecule synthesized, and detection of
the unquenched reporter dye provides the basis for quantita-
tive interpretation of the data.

TagMan™ RT-PCR can be performed using commercially
available equipment, such as, for example, ABI PRISM
7700™ Sequence Detection System™ (Perkin-Elmer-Ap-
plied Biosystems, Foster City, Calif., USA), or Lightcycler
(Roche Molecular Biochemicals, Mannheim, Germany). In
one specific embodiment, the 5' nuclease procedure is run on
a real-time quantitative PCR device such as the ABI PRISM
7700™ Sequence Detection System™. The system consists
of'a thermocycler, laser, charge-coupled device (CCD), cam-
era and computer. The system amplifies samples in a 96-well
format on a thermocycler. During amplification, laser-in-
duced fluorescent signal is collected in real-time through fiber
optics cables for all 96 wells, and detected at the CCD. The
system includes software for running the instrument and for
analyzing the data.

TagMan data are initially expressed as Ct, or the threshold
cycle. As discussed above, fluorescence values are recorded
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during every cycle and represent the amount of product
amplified to that point in the amplification reaction. The point
when the fluorescent signal is first recorded as statistically
significant is the threshold cycle (Ct).

To minimize errors and the effect of sample-to-sample
variation, RT-PCR is usually performed using an internal
standard. The ideal internal standard is expressed at a constant
level among different tissues, and is unaffected by the experi-
mental treatment. RNAs most frequently used to normalize
patterns of gene expression are mRNAs for the housekeeping
genes glyceraldehyde-3-phosphate-dehydrogenase
(GAPDH) and p-actin.

Real time quantitative PCR (also quantitative real time
polymerase chain reaction, QRT-PCR or Q-PCR) is a more
recent variation of the RT-PCR technique. Q-PCR can mea-
sure PCR product accumulation through a dual-labeled fluo-
rigenic probe (i.e., TagMan™ probe). Real time PCR is com-
patible both with quantitative competitive PCR, where
internal competitor for each target sequence is used for nor-
malization, and with quantitative comparative PCR using a
normalization gene contained within the sample, or a house-
keeping gene for RT-PCR. See, e.g. Held et al. (1996)
Genome Research 6:986-994.

Immunohistochemistry (IHC)

THC is a process of localizing antigens (e.g., proteins) in
cells of a tissue binding antibodies specifically to antigens in
the tissues. The antigen-binding antibody can be conjugated
or fused to a tag that allows its detection, e.g., via visualiza-
tion. In some embodiments, the tag is an enzyme that can
catalyze a color-producing reaction, such as alkaline phos-
phatase or horseradish peroxidase. The enzyme can be fused
to the antibody or non-covalently bound, e.g., using a biotin-
avadin system. Alternatively, the antibody can be tagged with
afluorophore, such as fluorescein, rhodamine, DyLight Fluor
or Alexa Fluor. The antigen-binding antibody can be directly
tagged or it can itself be recognized by a detection antibody
that carries the tag. Using IHC, one or more proteins may be
detected. The expression of a gene product can be related to
its staining intensity compared to control levels. In some
embodiments, the gene product is considered differentially
expressed if its staining varies at least 1.2, 1.3, 1.4, 1.5, 1.6,
1.7,1.8,19,2.0,2.2,2.5,2.7,3.0,4,5,6,7,8,9 or 10-fold in
the sample versus the control.

Microarray

The biomarkers of the invention can also be identified,
confirmed, and/or measured using the microarray technique.
Thus, the expression profile biomarkers can be measured in
either fresh or paraffin-embedded tumor tissue, using
microarray technology. In this method, polynucleotide
sequences of interest are plated, or arrayed, on a microchip
substrate. The arrayed sequences are then hybridized with
specific DNA probes from cells or tissues of interest. The
source of mRNA can be total RNA isolated from a sample,
e.g., human tumors or tumor cell lines and corresponding
normal tissues or cell lines. Thus RNA can be isolated from a
variety of primary tumors or tumor cell lines. If the source of
mRNA is a primary tumor, mRNA can be extracted, for
example, from frozen or archived paraftin-embedded and
fixed (e.g. formalin-fixed) tissue samples, which are routinely
prepared and preserved in everyday clinical practice.

The expression profile of biomarkers can be measured in
either fresh or paraffin-embedded tumor tissue, or body fluids
using microarray technology. In this method, polynucleotide
sequences of interest are plated, or arrayed, on a microchip
substrate. The arrayed sequences are then hybridized with
specific DNA probes from cells or tissues of interest. As with
the RT-PCR method, the source of miRNA typically is total
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RNA isolated from human tumors or tumor cell lines, includ-
ing body fluids, such as serum, urine, tears, and exosomes and
corresponding normal tissues or cell lines. Thus RNA can be
isolated from a variety of sources. If the source of miRNA is
aprimary tumor, miRNA can be extracted, for example, from
frozen tissue samples, which are routinely prepared and pre-
served in everyday clinical practice.

Ina specific embodiment of the microarray technique, PCR
amplified inserts of cDNA clones are applied to a substrate in
a dense array. In one aspect, at least 100, 200, 300, 400, 500,
600, 700, 800, 900, 1,000, 1,500, 2,000, 3000, 4000, 5000,
6000, 7000, 8000, 9000, 10,000, 15,000, 20,000, 25,000,
30,000, 35,000, 40,000, 45,000 or at least 50,000 nucleotide
sequences are applied to the substrate. Each sequence can
correspond to a different gene, or multiple sequences can be
arrayed per gene. The microarrayed genes, immobilized on
the microchip, are suitable for hybridization under stringent
conditions. Fluorescently labeled cDNA probes may be gen-
erated through incorporation of fluorescent nucleotides by
reverse transcription of RNA extracted from tissues of inter-
est. Labeled cDNA probes applied to the chip hybridize with
specificity to each spot of DNA on the array. After stringent
washing to remove non-specifically bound probes, the chip is
scanned by confocal laser microscopy or by another detection
method, such as a CCD camera. Quantitation of hybridization
of'each arrayed element allows for assessment of correspond-
ing mRNA abundance. With dual color fluorescence, sepa-
rately labeled cDNA probes generated from two sources of
RNA are hybridized pairwise to the array. The relative abun-
dance of the transcripts from the two sources corresponding
to each specified gene is thus determined simultaneously. The
miniaturized scale of the hybridization affords a convenient
and rapid evaluation of the expression pattern for large num-
bers of genes. Such methods have been shown to have the
sensitivity required to detect rare transcripts, which are
expressed at a few copies per cell, and to reproducibly detect
at least approximately two-fold differences in the expression
levels (Schena et al. (1996) Proc. Natl. Acad. Sci. USA 93(2):
106-149). Microarray analysis can be performed by commer-
cially available equipment following manufacturer’s proto-
cols, including without limitation the Aftymetrix GeneChip
technology (Affymetrix, Santa Clara, Calif.), Agilent (Agi-
lent Technologies, Inc., Santa Clara, Calit.), or [llumina (I1lu-
mina, Inc., San Diego, Calif.) microarray technology.

The development of microarray methods for large-scale
analysis of gene expression makes it possible to search sys-
tematically for molecular markers of cancer classification and
outcome prediction in a variety of tumor types.

In some embodiments, the Agilent Whole Human Genome
Microarray Kit (Agilent Technologies, Inc., Santa Clara,
Calif.). The system can analzye more than 41,000 unique
human genes and transcripts represented, all with public
domain annotations. The system is used according to the
manufacturer’s instructions.

In some embodiments, the Illumina Whole Genome DASL
assay (Illumina Inc., San Diego, Calif.) is used. The system
offers a method to simultaneously profile over 24,000 tran-
scripts from minimal RNA input, from both fresh frozen (FF)
and formalin-fixed parattin embedded (FFPE) tissue sources,
in a high throughput fashion.

Microarray expression analysis comprises identifying
whether a gene or gene product is up-regulated or down-
regulated relative to a reference. The identification can be
performed using a statistical test to determine statistical sig-
nificance of any differential expression observed. In some
embodiments, statistical significance is determined using a
parametric statistical test. The parametric statistical test can
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comprise, for example, a fractional factorial design, analysis
of variance (ANOVA), a t-test, least squares, a Pearson cor-
relation, simple linear regression, nonlinear regression, mul-
tiple linear regression, or multiple nonlinear regression.
Alternatively, the parametric statistical test can comprise a
one-way analysis of variance, two-way analysis of variance,
or repeated measures analysis of variance. In other embodi-
ments, statistical significance is determined using a nonpara-
metric statistical test. Examples include, but are not limited
to, a Wilcoxon signed-rank test, a Mann-Whitney test, a
Kruskal-Wallis test, a Friedman test, a Spearman ranked
order correlation coefficient, a Kendall Tau analysis, and a
nonparametric regression test. In some embodiments, statis-
tical significance is determined at a p-value of less than about
0.05, 0.01, 0.005, 0.001, 0.0005, or 0.0001. Although the
microarray systems used in the methods of the invention may
assay thousands of transcripts, data analysis need only be
performed on the transcripts of interest, thereby reducing the
problem of multiple comparisons inherent in performing
multiple statistical tests. The p-values can also be corrected
for multiple comparisons, e.g., using a Bonferroni correction,
a modification thereof, or other technique known to those in
the art, e.g., the Hochberg correction, Holm-Bonferroni cor-
rection, Sidak correction, or Dunnett’s correction. The degree
of differential expression can also be taken into account. For
example, a gene can be considered as differentially expressed
when the fold-change in expression compared to control level
isatleast1.2,1.3,1.4,1.5,1.6,1.7,1.8,1.9,2.0,2.2,2.5,2.7,
3.0,4,5,6,7,8,9or 10-fold different in the sample versus the
control. The differential expression takes into account both
overexpression and underexpression. A gene or gene product
can be considered up or down-regulated if the differential
expression meets a statistical threshold, a fold-change thresh-
old, or both. For example, the criteria for identifying difter-
ential expression can comprise both a p-value of 0.001 and
fold change of at least 1.5-fold (up or down). One of skill will
understand that such statistical and threshold measures can be
adapted to determine differential expression by any molecu-
lar profiling technique disclosed herein.

Various methods of the invention make use of many types
of microarrays that detect the presence and potentially the
amount of biological entities in a sample. Arrays typically
contain addressable moieties that can detect the presense of
the entity in the sample, e.g., via a binding event. Microarrays
include without limitation DNA microarrays, such as cDNA
microarrays, oligonucleotide microarrays and SNP microar-
rays, microRNA arrays, protein microarrays, antibody
microarrays, tissue microarrays, cellular microarrays (also
called transfection microarrays), chemical compound
microarrays, and carbohydrate arrays (glycoarrays). DNA
arrays typically comprise addressable nucleotide sequences
that can bind to sequences present in a sample. MicroRNA
arrays, e.g., the MMChips array from the University of Lou-
isville or commercial systems from Agilent, can be used to
detect microRNAs. Protein microarrays can be used to iden-
tify protein-protein interactions, including without limitation
identifying substrates of protein kinases, transcription factor
protein-activation, or to identify the targets of biologically
active small molecules. Protein arrays may comprise an array
of different protein molecules, commonly antibodies, or
nucleotide sequences that bind to proteins of interest. Anti-
body microarrays comprise antibodies spotted onto the pro-
tein chip that are used as capture molecules to detect proteins
or other biological materials from a sample, e.g., from cell or
tissue lysate solutions. For example, antibody arrays can be
used to detect biomarkers from bodily fluids, e.g., serum or
urine, for diagnostic applications. Tissue microarrays com-
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prise separate tissue cores assembled in array fashion to allow
multiplex histological analysis. Cellular microarrays, also
called transfection microarrays, comprise various capture
agents, such as antibodies, proteins, or lipids, which can
interact with cells to facilitate their capture on addressable
locations. Chemical compound microarrays comprise arrays
of chemical compounds and can be used to detect protein or
other biological materials that bind the compounds. Carbo-
hydrate arrays (glycoarrays) comprise arrays of carbohy-
drates and can detect, e.g., protein that bind sugar moieties.
One of skill will appreciate that similar technologies or
improvements can be used according to the methods of the
invention.

Gene Expression Analysis by Massively Parallel Signature
Sequencing (MPSS)

This method, described by Brenner et al. (2000) Nature
Biotechnology 18:630-634, is a sequencing approach that
combines non-gel-based signature sequencing with in vitro
cloning of millions of templates on separate microbeads.
First, amicrobead library of DNA templates is constructed by
in vitro cloning. This is followed by the assembly of a planar
array of the template-containing microbeads in a flow cell at
a high density. The free ends of the cloned templates on each
microbead are analyzed simultaneously, using a fluores-
cence-based signature sequencing method that does not
require DNA fragment separation. This method has been
shown to simultaneously and accurately provide, in a single
operation, hundreds of thousands of gene signature
sequences from a cDNA library.

MPSS data has many uses. The expression levels of nearly
all transcripts can be quantitatively determined; the abun-
dance of signatures is representative of the expression level of
the gene in the analyzed tissue. Quantitative methods for the
analysis of tag frequencies and detection of differences
among libraries have been published and incorporated into
public databases for SAGE™ data and are applicable to
MPSS data. The availability of complete genome sequences
permits the direct comparison of signatures to genomic
sequences and further extends the utility of MPSS data.
Because the targets for MPSS analysis are not pre-selected
(like on a microarray), MPSS data can characterize the full
complexity of transcriptomes. This is analogous to sequenc-
ing millions of ESTs at once, and genomic sequence data can
be used so that the source of the MPSS signature can be
readily identified by computational means.

Serial Analysis of Gene Expression (SAGE)

Serial analysis of gene expression (SAGE) is a method that
allows the simultaneous and quantitative analysis of a large
number of gene transcripts, without the need of providing an
individual hybridization probe for each transcript. First, a
short sequence tag (e.g., about 10-14 bp) is generated that
contains sufficient information to uniquely identify a tran-
script, provided that the tag is obtained from a unique position
within each transcript. Then, many transcripts are linked
together to form long serial molecules, that can be sequenced,
revealing the identity of the multiple tags simultaneously. The
expression pattern of any population of transcripts can be
quantitatively evaluated by determining the abundance of
individual tags, and identifying the gene corresponding to
each tag. See, e.g. Velculescu et al. (1995) Science 270:484-
487; and Velculescu et al. (1997) Cell 88:243-51.

DNA Copy Number Profiling

Any method capable of determining a DNA copy number
profile of a particular sample can be used for molecular pro-
filing according to the invention as along as the resolution is
sufficient to identify the biomarkers of the invention. The
skilled artisan is aware of and capable of using a number of
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different platforms for assessing whole genome copy number
changes at a resolution sufficient to identify the copy number
of the one or more biomarkers of the invention. Some of the
platforms and techniques are described in the embodiments
below.

In some embodiments, the copy number profile analysis
involves amplification of whole genome DNA by a whole
genome amplification method. The whole genome amplifica-
tion method can use a strand displacing polymerase and ran-
dom primers.

In some aspects of these embodiments, the copy number
profile analysis involves hybridization of whole genome
amplified DNA with a high density array. In a more specific
aspect, the high density array has 5,000 or more different
probes. In another specific aspect, the high density array has
5,000, 10,000, 20,000, 50,000, 100,000, 200,000, 300,000,
400,000, 500,000, 600,000, 700,000, 800,000, 900,000, or
1,000,000 or more different probes. In another specific
aspect, each of the different probes on the array is an oligo-
nucleotide having from about 15 to 200 bases in length. In
another specific aspect, each of the different probes on the
array is an oligonucleotide having from about 15 to 200, 15 to
150, 15 t0 100, 15t0 75, 15 to 60, or 20 to 55 bases in length.

In some embodiments, a microarray is employed to aid in
determining the copy number profile for a sample, e.g., cells
from a tumor. Microarrays typically comprise a plurality of
oligomers (e.g., DNA or RNA polynucleotides or oligonucle-
otides, or other polymers), synthesized or deposited on a
substrate (e.g., glass support) in an array pattern. The support-
bound oligomers are “probes”, which function to hybridize or
bind with a sample material (e.g., nucleic acids prepared or
obtained from the tumor samples), in hybridization experi-
ments. The reverse situation can also be applied: the sample
can be bound to the microarray substrate and the oligomer
probes are in solution for the hybridization. In use, the array
surface is contacted with one or more targets under conditions
that promote specific, high-affinity binding of the target to
one or more of the probes. In some configurations, the sample
nucleic acid is labeled with a detectable label, such as a
fluorescent tag, so that the hybridized sample and probes are
detectable with scanning equipment. DNA array technology
offers the potential of using a multitude (e.g., hundreds of
thousands) of different oligonucleotides to analyze DNA
copy number profiles. In some embodiments, the substrates
used for arrays are surface-derivatized glass or silica, or poly-
mer membrane surfaces (see e.g., in Z. Guo, et al., Nucleic
Acids Res, 22, 5456-65 (1994); U. Maskos, E. M. Southern,
Nucleic Acids Res, 20, 1679-84 (1992), and E. M. Southern,
et al., Nucleic Acids Res, 22, 1368-73 (1994), each incorpo-
rated by reference herein). Modification of surfaces of array
substrates can be accomplished by many techniques. For
example, siliceous or metal oxide surfaces can be derivatized
with bifunctional silanes, i.e., silanes having a first functional
group enabling covalent binding to the surface (e.g., Si-halo-
gen or Si-alkoxy group, as in —SiCl; or —Si(OCH,);,
respectively) and a second functional group that can impart
the desired chemical and/or physical modifications to the
surface to covalently or non-covalently attach ligands and/or
the polymers or monomers for the biological probe array.
Silylated derivatizations and other surface derivatizations that
are known in the art (see for example U.S. Pat. No. 5,624,711
to Sundberg, U.S. Pat. No. 5,266,222 to Willis, and U.S. Pat.
No. 5,137,765 to Farnsworth, each incorporated by reference
herein). Other processes for preparing arrays are described in
U.S. Pat. No. 6,649,348, to Bass et. al., assigned to Agilent
Corp., which disclose DNA arrays created by in situ synthesis
methods.
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Polymer array synthesis is also described extensively in the
literature including in the following: WO 00/58516, U.S. Pat.
Nos. 5,143,854, 5,242,974, 5,252,743, 5,324,633, 5,384,261,

5,405,783, 5,424,186, 5,451,683, 5,482,867, 5,491,074,
5,527,681, 5,550,215, 5,571,639, 5,578,832, 5,593,839,
5,599,605, 5,624,711, 5,631,734, 5,795,716, 5,831,070,
5,837,832, 5,856,101, 5,858,659, 5,936,324, 5,968,740,
5,974,164, 5,981,185, 5,981,956, 6,025,601, 6,033,860,
6,040,193, 6,090,555, 6,136,269, 6,269,846 and 6,428,752,

5,412,087, 6,147,205, 6,262,216, 6,310,189, 5,889,165, and
5,959,098 in PCT Applications Nos. PCT/US99/00730 (In-
ternational Publication No. WO 99/36760) and PCT/US01/
04285 (International Publication No. WO 01/58593), which
are all incorporated herein by reference in their entirety for all
purposes.

Nucleic acid arrays that are useful in the present invention
include, but are not limited to, those that are commercially
available from Affymetrix (Santa Clara, Calif.) under the
brand name GeneChip™ Example arrays are shown on the
website at affymetrix.com. Another microarray supplier is
Ilumina, Inc., of San Diego, Calif. with example arrays
shown on their website at illumina.com.

In some embodiments, the inventive methods provide for
sample preparation. Depending on the microarray and experi-
ment to be performed, sample nucleic acid can be prepared in
anumber of ways by methods known to the skilled artisan. In
some aspects of the invention, prior to or concurrent with
genotyping (analysis of copy number profiles), the sample
may be amplified any number of mechanisms. The most
common amplification procedure used involves PCR. See, for
example, PCR Technology: Principles and Applications for
DNA Amplification (Ed. H. A. Erlich, Freeman Press, NY,
N.Y., 1992); PCR Protocols: A Guide to Methods and Appli-
cations (Eds. Innis, et al., Academic Press, San Diego, Calif.,
1990); Mattila et al., Nucleic Acids Res. 19, 4967 (1991);
Eckert et al., PCR Methods and Applications 1, 17 (1991);
PCR (Eds. McPherson et al., IRL Press, Oxford); and U.S.
Pat. Nos. 4,683,202, 4,683,195, 4,800,159 4,965,188, and
5,333,675, and each of which is incorporated herein by ref-
erence in their entireties for all purposes. In some embodi-
ments, the sample may be amplified on the array (e.g., U.S.
Pat. No. 6,300,070 which is incorporated herein by reference)

Other suitable amplification methods include the ligase
chain reaction (LCR) (for example, Wu and Wallace, Genom-
ics 4, 560 (1989), Landegren et al., Science 241, 1077 (1988)
and Barringer et al. Gene 89:117 (1990)), transcription ampli-
fication (Kwoh et al., Proc. Natl. Acad. Sci. USA 86, 1173
(1989) and WOB88/10315), self-sustained sequence replica-
tion (Guatelli et al., Proc. Nat. Acad. Sci. USA, 87, 1874
(1990) and WO90/06995), selective amplification of target
polynucleotide sequences (U.S. Pat. No. 6,410,276), consen-
sus sequence primed polymerase chain reaction (CP-PCR)
(U.S. Pat. No. 4,437,975), arbitrarily primed polymerase
chain reaction (AP-PCR) (U.S. Pat. Nos. 5,413,909, 5,861,
245) and nucleic acid based sequence amplification
(NABSA). (See, U.S. Pat. Nos. 5,409,818, 5,554,517, and
6,063,603, each of which is incorporated herein by refer-
ence). Other amplification methods that may be used are
described in, U.S. Pat. Nos. 5,242,794, 5,494,810, 4,988,617
and in U.S. Ser. No. 09/854,317, each of which is incorpo-
rated herein by reference.

Additional methods of sample preparation and techniques
for reducing the complexity of a nucleic sample are described
in Dongetal., Genome Research 11,1418 (2001),in U.S. Pat.
Nos. 6,361,947, 6,391,592 and U.S. Ser. Nos. 09/916,135,
09/920,491 (U.S. Patent Application Publication
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20030096235), Ser. No. 09/910,292 (U.S. Patent Application
Publication 20030082543), and Ser. No. 10/013,598.

Methods for conducting polynucleotide hybridization
assays are well developed in the art. Hybridization assay
procedures and conditions used in the methods of the inven-
tion will vary depending on the application and are selected in
accordance with the general binding methods known includ-
ing those referred to in: Maniatis et al. Molecular Cloning: A
Laboratory Manual (2.sup.nd Ed. Cold Spring Harbor, N.Y.,
1989); Berger and Kimmel Methods in Enzymology, Vol.
152, Guide to Molecular Cloning Techniques (Academic
Press, Inc., San Diego, Calif., 1987); Young and Davism,
PN.A.S, 80: 1194 (1983). Methods and apparatus for carry-
ing out repeated and controlled hybridization reactions have
been described in U.S. Pat. Nos. 5,871,928, 5,874,219, 6,045,
996 and 6,386,749, 6,391,623 each of which are incorporated
herein by reference.

The methods of the invention may also involve signal
detection of hybridization between ligands in after (and/or
during) hybridization. See U.S. Pat. Nos. 5,143,854, 5,578,
832; 5,631,734, 5,834,758, 5,936,324; 5,981,956; 6,025,601,
6,141,096, 6,185,030; 6,201,639; 6,218,803; and 6,225,625,
in U.S. Ser. No. 10/389,194 and in PCT Application PCT/
US99/06097 (published as W099/47964), each of which also
is hereby incorporated by reference in its entirety for all
purposes.

Methods and apparatus for signal detection and processing
of intensity data are disclosed in, for example, U.S. Pat. Nos.
5,143,854, 5,547,839, 5,578,832, 5,631,734, 5,800,992,
5,834,758, 5,856,092, 5,902,723, 5,936,324, 5,981,956,
6,025,601, 6,090,555, 6,141,096, 6,185,030, 6,201,639;
6,218,803; and 6,225,625, in U.S. Ser. Nos. 10/389,194,
60/493,495 and in PCT Application PCT/US99/06097 (pub-
lished as W099/47964), each of which also is hereby incor-
porated by reference in its entirety for all purposes.

Sequence Analysis

Molecular profiling according to the present invention
comprises methods for genotyping one or more biomarkers
by determining whether an individual has one or more nucle-
otide variants (or amino acid variants) in one or more of the
genes or gene products. Genotyping one or more genes
according to the methods of the invention in some embodi-
ments, can provide more evidence for selecting a treatment.

The biomarkers of the invention can be analyzed by any
method useful for determining alterations in nucleic acids or
the proteins they encode. According to one embodiment, the
ordinary skilled artisan can analyze the one or more genes for
mutations including deletion mutants, insertion mutants,
frameshift mutants, nonsense mutants, missense mutant, and
splice mutants.

Nucleic acid used for analysis of the one or more genes can
be isolated from cells in the sample according to standard
methodologies (Sambrook et al., 1989). The nucleic acid, for
example, may be genomic DNA or fractionated or whole cell
RNA, or miRNA acquired from exosomes or cell surfaces.
Where RNA is used, it may be desired to convert the RNA to
a complementary DNA. In one embodiment, the RNA is
whole cell RNA; in another, it is poly-A RNA; in another, it is
exosomal RNA. Normally, the nucleic acid is amplified.
Depending on the format of the assay for analyzing the one or
more genes, the specific nucleic acid of interest is identified in
the sample directly using amplification or with a second,
known nucleic acid following amplification. Next, the iden-
tified product is detected. In certain applications, the detec-
tion may be performed by visual means (e.g., ethidium bro-
mide staining of a gel). Alternatively, the detection may
involve indirect identification of the product via chemilumi-
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nescence, radioactive scintigraphy of radiolabel or fluores-
cent label or even via a system using electrical or thermal
impulse signals (Aftymax Technology; Bellus, 1994).

Various types of defects are known to occur in the biom-
arkers of the invention. Alterations include without limitation
deletions, insertions, point mutations, and duplications. Point
mutations can be silent or can result in stop codons, frame-
shift mutations or amino acid substitutions. Mutations in and
outside the coding region of the one or more genes may occur
and can be analyzed according to the methods of the inven-
tion. The target site of anucleic acid ofinterest can include the
region wherein the sequence varies. Examples include, but
are not limited to, polymorphisms which exist in different
forms such as single nucleotide variations, nucleotide
repeats, multibase deletion (more than one nucleotide deleted
from the consensus sequence), multibase insertion (more
than one nucleotide inserted from the consensus sequence),
microsatellite repeats (small numbers of nucleotide repeats
with a typical 5-1000 repeat units), di-nucleotide repeats,
tri-nucleotide repeats, sequence rearrangements (including
translocation and duplication), chimeric sequence (two
sequences from different gene origins are fused together), and
the like. Among sequence polymorphisms, the most frequent
polymorphisms in the human genome are single-base varia-
tions, also called single-nucleotide polymorphisms (SNPs).
SNPs are abundant, stable and widely distributed across the
genome.

Molecular profiling includes methods for haplotyping one
or more genes. The haplotype is a set of genetic determinants
located on a single chromosome and it typically contains a
particular combination of alleles (all the alternative
sequences of a gene) in a region of a chromosome. In other
words, the haplotype is phased sequence information on indi-
vidual chromosomes. Very often, phased SNPs on a chromo-
some define a haplotype. A combination of haplotypes on
chromosomes can determine a genetic profile ofa cell. Itis the
haplotype that determines a linkage between a specific
genetic marker and a disease mutation. Haplotyping can be
done by any methods known in the art. Common methods of
scoring SNPs include hybridization microarray or direct gel
sequencing, reviewed in Landgren et al., Genome Research,
8:769-776, 1998. For example, only one copy of one or more
genes can be isolated from an individual and the nucleotide at
each of the variant positions is determined. Alternatively, an
allele specific PCR or a similar method can be used to amplify
only one copy of the one or more genes in an individual, and
the SNPs at the variant positions of the present invention are
determined. The Clark method known in the art can also be
employed for haplotyping. A high throughput molecular hap-
lotyping method is also disclosed in Tost et al., Nucleic Acids
Res., 30(19):e96 (2002), which is incorporated herein by
reference.

Thus, additional variant(s) that are in linkage disequilib-
rium with the variants and/or haplotypes of the present inven-
tion can be identified by a haplotyping method known in the
art, as will be apparent to a skilled artisan in the field of
genetics and haplotyping. The additional variants that are in
linkage disequilibrium with a variant or haplotype of the
present invention can also be useful in the various applica-
tions as described below.

For purposes of genotyping and haplotyping, both
genomic DNA and mRNA/cDNA can be used, and both are
herein referred to generically as “gene.”

Numerous techniques for detecting nucleotide variants are
known in the art and can all be used for the method of this
invention. The techniques can be protein-based or nucleic
acid-based. In either case, the techniques used must be suffi-
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ciently sensitive so as to accurately detect the small nucle-
otide or amino acid variations. Very often, a probe is utilized
which is labeled with a detectable marker. Unless otherwise
specified in a particular technique described below, any suit-
able marker known in the art can be used, including but not
limited to, radioactive isotopes, fluorescent compounds,
biotin which is detectable using strepavidin, enzymes (e.g.,
alkaline phosphatase), substrates of an enzyme, ligands and
antibodies, etc. See Jablonski et al., Nucleic Acids Res.,
14:6115-6128 (1986); Nguyen et al., Biotechniques, 13:116-
123 (1992); Rigby et al., J. Mol. Biol., 113:237-251 (1977).

In a nucleic acid-based detection method, target DNA
sample, i.e., a sample containing genomic DNA, cDNA,
mRNA and/or miRNA, corresponding to the one or more
genes must be obtained from the individual to be tested. Any
tissue or cell sample containing the genomic DNA, miRNA,
mRNA, and/or cDNA (or a portion thereof) corresponding to
the one or more genes can be used. For this purpose, a tissue
sample containing cell nucleus and thus genomic DNA can be
obtained from the individual. Blood samples can also be
useful except that only white blood cells and other lympho-
cytes have cell nucleus, while red blood cells are without a
nucleus and contain only mRNA or miRNA. Nevertheless,
miRNA and mRNA are also useful as either can be analyzed
for the presence of nucleotide variants in its sequence or serve
as template for cDNA synthesis. The tissue or cell samples
can be analyzed directly without much processing. Alterna-
tively, nucleic acids including the target sequence can be
extracted, purified, and/or amplified before they are subject to
the various detecting procedures discussed below. Other than
tissue or cell samples, cDNAs or genomic DNAs from a
c¢DNA or genomic DNA library constructed using a tissue or
cell sample obtained from the individual to be tested are also
useful.

Sequence Analysis

To determine the presence or absence of a particular nucle-
otide variant, sequencing of the target genomic DNA or
c¢DNA, particularly the region encompassing the nucleotide
variant locus to be detected. Various sequencing techniques
are generally known and widely used in the art including the
Sanger method and Gilbert chemical method. The pyrose-
quencing method monitors DNA synthesis in real time using
a luminometric detection system. Pyrosequencing has been
shown to be effective in analyzing genetic polymorphisms
such as single-nucleotide polymorphisms and can also be
used in the present invention. See Nordstrom et al., Biotech-
nol. Appl. Biochem., 31(2):107-112 (2000); Ahmadian et al.,
Anal. Biochem., 280:103-110 (2000).

Nucleic acid variants can be detected by a suitable detec-
tion process. Non limiting examples of methods of detection,
quantification, sequencing and the like are; mass detection of
mass modified amplicons (e.g., matrix-assisted laser desorp-
tion ionization (MALDI) mass spectrometry and electrospray
(ES) mass spectrometry), a primer extension method (e.g.,
iPLEX™; Sequenom, Inc.), microsequencing methods (e.g.,
a modification of primer extension methodology), ligase
sequence determination methods (e.g., U.S. Pat. Nos. 5,679,
524 and 5,952,174, and WO 01/27326), mismatch sequence
determination methods (e.g., U.S. Pat. Nos. 5,851,770, 5,958,
692; 6,110,684; and 6,183,958), direct DNA sequencing,
restriction fragment length polymorphism (RFLP analysis),
allele specific oligonucleotide (ASO) analysis, methylation-
specific PCR (MSPCR), pyrosequencing analysis, acy-
cloprime analysis, Reverse dot blot, GeneChip microarrays,
Dynamic allele-specific hybridization (DASH), Peptide
nucleic acid (PNA) and locked nucleic acids (LNA) probes,
TagMan, Molecular Beacons, Intercalating dye, FRET prim-
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ers, AlphaScreen, SNPstream, genetic bit analysis (GBA),
Multiplex minisequencing, SNaPshot, GOOD assay,
Microarray miniseq, arrayed primer extension (APEX),
Microarray primer extension (e.g., microarray sequence
determination methods), Tag arrays, Coded microspheres,
Template-directed incorporation (TDI), fluorescence polar-
ization, Colorimetric oligonucleotide ligation assay (OLA),
Sequence-coded OLA, Microarray ligation, Ligase chain
reaction, Padlock probes, Invader assay, hybridization meth-
ods (e.g., hybridization using at least one probe, hybridization
using at least one fluorescently labeled probe, and the like),
conventional dot blot analyses, single strand conformational
polymorphism analysis (SSCP, e.g., U.S. Pat. Nos. 5,891,625
and 6,013,499 Orita et al., Proc. Natl. Acad. Sci. U.S.A. 86:
27776-2770 (1989)), denaturing gradient gel electrophoresis
(DGGE), heteroduplex analysis, mismatch cleavage detec-
tion, and techniques described in Sheffield et al., Proc. Natl.
Acad. Sci. USA 49: 699-706 (1991), White et al., Genomics
12: 301-306 (1992), Grompe et al., Proc. Natl. Acad. Sci.
USA 86: 5855-5892 (1989), and Grompe, Nature Genetics 5:
111-117 (1993), cloning and sequencing, electrophoresis, the
use of hybridization probes and quantitative real time poly-
merase chain reaction (QRT-PCR), digital PCR, nanopore
sequencing, chips and combinations thereof. The detection
and quantification of alleles or paralogs can be carried out
using the “closed-tube” methods described in U.S. patent
application Ser. No. 11/950,395, filed on Dec. 4, 2007. In
some embodiments the amount of a nucleic acid species is
determined by mass spectrometry, primer extension,
sequencing (e.g., any suitable method, for example nanopore
or pyrosequencing), Quantitative PCR (Q-PCR or QRT-
PCR), digital PCR, combinations thereof, and the like.

The term “sequence analysis” as used herein refers to
determining a nucleotide sequence, e.g., that of an amplifica-
tion product. The entire sequence or a partial sequence of a
polynucleotide, e.g., DNA or mRNA, can be determined, and
the determined nucleotide sequence can be referred to as a
“read” or “sequence read.” For example, linear amplification
products may be analyzed directly without further amplifica-
tion in some embodiments (e.g., by using single-molecule
sequencing methodology). In certain embodiments, linear
amplification products may be subject to further amplifica-
tion and then analyzed (e.g., using sequencing by ligation or
pyrosequencing methodology). Reads may be subject to dif-
ferent types of sequence analysis. Any suitable sequencing
method can be utilized to detect, and determine the amount of,
nucleotide sequence species, amplified nucleic acid species,
or detectable products generated from the foregoing.
Examples of certain sequencing methods are described here-
after.

A sequence analysis apparatus or sequence analysis com-
ponent(s) includes an apparatus, and one or more components
used in conjunction with such apparatus, that can be used by
a person of ordinary skill to determine a nucleotide sequence
resulting from processes described herein (e.g., linear and/or
exponential amplification products). Examples of sequencing
platforms include, without limitation, the 454 platform
(Roche) (Margulies, M. et al. 2005 Nature 437, 376-380),
Illumina Genomic Analyzer (or Solexa platform) or SOLID
System (Applied Biosystems) or the Helicos True Single
Molecule DNA sequencing technology (Harris T D et al.
2008 Science, 320, 106-109), the single molecule, real-time
(SMRT™) technology of Pacific Biosciences, and nanopore
sequencing (Soni G V and Meller A. 2007 Clin Chem 53:
1996-2001). Such platforms allow sequencing of many
nucleic acid molecules isolated from a specimen at high
orders of multiplexing in a parallel manner (Dear Brief Funct
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Genomic Proteomic 2003; 1: 397-416). Each of these plat-
forms allows sequencing of clonally expanded or non-ampli-
fied single molecules of nucleic acid fragments. Certain plat-
forms involve, for example, sequencing by ligation of dye-
modified probes (including cyclic ligation and cleavage),
pyrosequencing, and single-molecule sequencing. Nucle-
otide sequence species, amplification nucleic acid species
and detectable products generated there from can be analyzed
by such sequence analysis platforms.

Sequencing by ligation is a nucleic acid sequencing
method that relies on the sensitivity of DNA ligase to base-
pairing mismatch. DNA ligase joins together ends of DNA
that are correctly base paired. Combining the ability of DNA
ligase to join together only correctly base paired DNA ends,
with mixed pools of fluorescently labeled oligonucleotides or
primers, enables sequence determination by fluorescence
detection. Longer sequence reads may be obtained by includ-
ing primers containing cleavable linkages that can be cleaved
after label identification. Cleavage at the linker removes the
label and regenerates the 5' phosphate on the end of the ligated
primer, preparing the primer for another round of ligation. In
some embodiments primers may be labeled with more than
one fluorescent label, e.g., at least 1, 2, 3, 4, or 5 fluorescent
labels.

Sequencing by ligation generally involves the following
steps. Clonal bead populations can be prepared in emulsion
microreactors containing target nucleic acid template
sequences, amplification reaction components, beads and
primers. After amplification, templates are denatured and
bead enrichment is performed to separate beads with
extended templates from undesired beads (e.g., beads with no
extended templates). The template on the selected beads
undergoes a 3' modification to allow covalent bonding to the
slide, and modified beads can be deposited onto a glass slide.
Deposition chambers offer the ability to segment a slide into
one, four or eight chambers during the bead loading process.
For sequence analysis, primers hybridize to the adapter
sequence. A set of four color dye-labeled probes competes for
ligation to the sequencing primer. Specificity of probe liga-
tion is achieved by interrogating every 4th and Sth base during
the ligation series. Five to seven rounds of ligation, detection
and cleavage record the color at every 5th position with the
number of rounds determined by the type of library used.
Following each round of ligation, a new complimentary
primer offset by one base in the 5' direction is laid down for
another series of ligations. Primer reset and ligation rounds
(5-7 ligation cycles per round) are repeated sequentially five
times to generate 25-35 base pairs of sequence for a single tag.
With mate-paired sequencing, this process is repeated for a
second tag.

Pyrosequencing is a nucleic acid sequencing method based
on sequencing by synthesis, which relies on detection of a
pyrophosphate released on nucleotide incorporation. Gener-
ally, sequencing by synthesis involves synthesizing, one
nucleotide at a time, a DNA strand complimentary to the
strand whose sequence is being sought. Target nucleic acids
may be immobilized to a solid support, hybridized with a
sequencing primer, incubated with DNA polymerase, ATP
sulfurylase, luciferase, apyrase, adenosine 5' phosphsulfate
and luciferin. Nucleotide solutions are sequentially added
and removed. Correct incorporation of a nucleotide releases a
pyrophosphate, which interacts with ATP sulfurylase and
produces ATP in the presence of adenosine 5' phosphsulfate,
fueling the luciferin reaction, which produces a chemilumi-
nescent signal allowing sequence determination. The amount
of light generated is proportional to the number of bases
added. Accordingly, the sequence downstream of the
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sequencing primer can be determined. An exemplary system
for pyrosequencing involves the following steps: ligating an
adaptor nucleic acid to a nucleic acid under investigation and
hybridizing the resulting nucleic acid to a bead; amplifying a
nucleotide sequence in an emulsion; sorting beads using a
picoliter multiwell solid support; and sequencing amplified
nucleotide sequences by pyrosequencing methodology (e.g.,
Nakano et al., “Single-molecule PCR using water-in-oil
emulsion;” Journal of Biotechnology 102: 117-124 (2003)).

Certain single-molecule sequencing embodiments are
based on the principal of sequencing by synthesis, and utilize
single-pair Fluorescence Resonance Energy Transfer (single
pair FRET) as a mechanism by which photons are emitted as
a result of successful nucleotide incorporation. The emitted
photons often are detected using intensified or high sensitivity
cooled charge-couple-devices in conjunction with total inter-
nal reflection microscopy (TIRM). Photons are only emitted
when the introduced reaction solution contains the correct
nucleotide for incorporation into the growing nucleic acid
chain that is synthesized as a result of the sequencing process.
In FRET based single-molecule sequencing, energy is trans-
ferred between two fluorescent dyes, sometimes polymethine
cyanine dyes Cy3 and CyS5, through long-range dipole inter-
actions. The donor is excited at its specific excitation wave-
length and the excited state energy is transferred, non-radia-
tively to the acceptor dye, which in turn becomes excited. The
acceptor dye eventually returns to the ground state by radia-
tive emission of a photon. The two dyes used in the energy
transfer process represent the “single pair” in single pair
FRET. Cy3 often is used as the donor fluorophore and often is
incorporated as the first labeled nucleotide. Cy5 often is used
as the acceptor fluorophore and is used as the nucleotide label
for successive nucleotide additions after incorporation of a
first Cy3 labeled nucleotide. The fluorophores generally are
within 10 nanometers of each for energy transfer to occur
successfully.

An example of a system that can be used based on single-
molecule sequencing generally involves hybridizing a primer
to a target nucleic acid sequence to generate a complex;
associating the complex with a solid phase; iteratively
extending the primer by a nucleotide tagged with a fluores-
cent molecule; and capturing an image of fluorescence reso-
nance energy transfer signals after each iteration (e.g., U.S.
Pat. No. 7,169,314; Braslaysky et al., PNAS 100(7): 3960-
3964 (2003)). Such a system can be used to directly sequence
amplification products (linearly or exponentially amplified
products) generated by processes described herein. In some
embodiments the amplification products can be hybridized to
a primer that contains sequences complementary to immobi-
lized capture sequences present on a solid support, a bead or
glass slide for example. Hybridization of the primer-amplifi-
cation product complexes with the immobilized capture
sequences, immobilizes amplification products to solid sup-
ports for single pair FRET based sequencing by synthesis.
The primer often is fluorescent, so that an initial reference
image of the surface of the slide with immobilized nucleic
acids can be generated. The initial reference image is useful
for determining locations at which true nucleotide incorpo-
ration is occurring. Fluorescence signals detected in array
locations not initially identified in the “primer only” refer-
ence image are discarded as non-specific fluorescence. Fol-
lowing immobilization of the primer-amplification product
complexes, the bound nucleic acids often are sequenced in
parallel by the iterative steps of, a) polymerase extension in
the presence of one fluorescently labeled nucleotide, b) detec-
tion of fluorescence using appropriate microscopy, TIRM for
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example, ¢) removal of fluorescent nucleotide, and d) return
to step a with a different fluorescently labeled nucleotide.

In some embodiments, nucleotide sequencing may be by
solid phase single nucleotide sequencing methods and pro-
cesses. Solid phase single nucleotide sequencing methods
involve contacting target nucleic acid and solid support under
conditions in which a single molecule of sample nucleic acid
hybridizes to a single molecule of a solid support. Such con-
ditions can include providing the solid support molecules and
a single molecule of target nucleic acid in a “microreactor.”
Such conditions also can include providing a mixture in
which the target nucleic acid molecule can hybridize to solid
phase nucleic acid on the solid support. Single nucleotide
sequencing methods useful in the embodiments described
herein are described in U.S. Provisional Patent Application
Ser. No. 61/021,871 filed Jan. 17, 2008.

In certain embodiments, nanopore sequencing detection
methods include (a) contacting a target nucleic acid for
sequencing (“base nucleic acid,” e.g., linked probe molecule)
with sequence-specific detectors, under conditions in which
the detectors specifically hybridize to substantially comple-
mentary subsequences of the base nucleic acid; (b) detecting
signals from the detectors and (c) determining the sequence
of'the base nucleic acid according to the signals detected. In
certain embodiments, the detectors hybridized to the base
nucleic acid are disassociated from the base nucleic acid (e.g.,
sequentially dissociated) when the detectors interfere with a
nanopore structure as the base nucleic acid passes through a
pore, and the detectors disassociated from the base sequence
are detected. In some embodiments, a detector disassociated
from a base nucleic acid emits a detectable signal, and the
detector hybridized to the base nucleic acid emits a different
detectable signal or no detectable signal. In certain embodi-
ments, nucleotides in a nucleic acid (e.g., linked probe mol-
ecule) are substituted with specific nucleotide sequences cor-
responding to  specific  nucleotides  (“nucleotide
representatives”), thereby giving rise to an expanded nucleic
acid (e.g., U.S. Pat. No. 6,723,513), and the detectors hybrid-
ize to the nucleotide representatives in the expanded nucleic
acid, which serves as a base nucleic acid. In such embodi-
ments, nucleotide representatives may be arranged in a binary
or higher order arrangement (e.g., Soni and Meller, Clinical
Chemistry 53(11): 1996-2001 (2007)). In some embodi-
ments, a nucleic acid is not expanded, does not give rise to an
expanded nucleic acid, and directly serves a base nucleic acid
(e.g., alinked probe molecule serves as a non-expanded base
nucleic acid), and detectors are directly contacted with the
base nucleic acid. For example, a first detector may hybridize
to a first subsequence and a second detector may hybridize to
a second subsequence, where the first detector and second
detector each have detectable labels that can be distinguished
from one another, and where the signals from the first detector
and second detector can be distinguished from one another
when the detectors are disassociated from the base nucleic
acid. In certain embodiments, detectors include a region that
hybridizes to the base nucleic acid (e.g., two regions), which
can be about 3 to about 100 nucleotides in length (e.g., about
4,5,6,7,8,9,10,11,12,13,14,15,16,17,18, 19, 20, 25, 30,
35, 40, 50, 55, 60, 65, 70, 75, 80, 85, 90, or 95 nucleotides in
length). A detector also may include one or more regions of
nucleotides that do not hybridize to the base nucleic acid. In
some embodiments, a detector is a molecular beacon. A
detector often comprises one or more detectable labels inde-
pendently selected from those described herein. Each detect-
able label can be detected by any convenient detection pro-
cess capable of detecting a signal generated by each label
(e.g., magnetic, electric, chemical, optical and the like). For
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example, a CD camera can be used to detect signals from one
or more distinguishable quantum dots linked to a detector.

In certain sequence analysis embodiments, reads may be
used to construct a larger nucleotide sequence, which can be
facilitated by identitying overlapping sequences in different
reads and by using identification sequences in the reads. Such
sequence analysis methods and software for constructing
larger sequences from reads are known to the person of ordi-
nary skill (e.g., Venter et al., Science 291: 1304-1351 (2001)).
Specific reads, partial nucleotide sequence constructs, and
full nucleotide sequence constructs may be compared
between nucleotide sequences within a sample nucleic acid
(i.e., internal comparison) or may be compared with a refer-
ence sequence (i.e., reference comparison) in certain
sequence analysis embodiments. Internal comparisons can be
performed in situations where a sample nucleic acid is pre-
pared from multiple samples or from a single sample source
that contains sequence variations. Reference comparisons
sometimes are performed when a reference nucleotide
sequence is known and an objective is to determine whether a
sample nucleic acid contains a nucleotide sequence that is
substantially similar or the same, or different, than a reference
nucleotide sequence. Sequence analysis can be facilitated by
the use of sequence analysis apparatus and components
described above.

Primer extension polymorphism detection methods, also
referred to herein as “microsequencing” methods, typically
are carried out by hybridizing a complementary oligonucle-
otide to a nucleic acid carrying the polymorphic site. In these
methods, the oligonucleotide typically hybridizes adjacent to
the polymorphic site. The term “adjacent” as used in refer-
ence to “microsequencing” methods, refers to the 3' end of the
extension oligonucleotide being sometimes 1 nucleotide
from the 5' end of the polymorphic site, often 2 or 3, and at
times 4, 5, 6,7, 8, 9, or 10 nucleotides from the 5' end of the
polymorphic site, in the nucleic acid when the extension
oligonucleotide is hybridized to the nucleic acid. The exten-
sion oligonucleotide then is extended by one or more nucle-
otides, often 1, 2, or 3 nucleotides, and the number and/or type
of'nucleotides that are added to the extension oligonucleotide
determine which polymorphic variant or variants are present.
Oligonucleotide extension methods are disclosed, for
example, in U.S. Pat. Nos. 4,656,127; 4,851,331; 5,679,524,
5,834,189; 5,876,934; 5,908,755; 5,912,118; 5,976,802
5,981,186; 6,004,744; 6,013,431; 6,017,702; 6,046,005,
6,087,095; 6,210,891; and WO 01/20039. The extension
products can be detected in any manner, such as by fluores-
cence methods (see, e.g., Chen & Kwok, Nucleic Acids
Research 25: 347-353 (1997) and Chen et al., Proc. Natl.
Acad. Sci. USA 94/20: 10756-10761 (1997)) or by mass
spectrometric methods (e.g., MALDI-TOF mass spectrom-
etry) and other methods described herein. Oligonucleotide
extension methods using mass spectrometry are described,
for example, in U.S. Pat. Nos. 5,547,835; 5,605,798; 5,691,
141;5,849,542;5,869,242; 5,928,906; 6,043,031; 6,194,144,
and 6,258,538. Microsequencing detection methods often
incorporate an amplification process that proceeds the exten-
sion step. The amplification process typically amplifies a
region from a nucleic acid sample that comprises the poly-
morphic site. Amplification can be carried out utilizing meth-
ods described above, or for example using a pair of oligo-
nucleotide primers in a polymerase chain reaction (PCR), in
which one oligonucleotide primer typically is complemen-
tary to a region 3' ofthe polymorphism and the other typically
is complementary to a region 5' of the polymorphism. A PCR
primer pair may be used in methods disclosed in U.S. Pat.
Nos. 4,683,195, 4,683,202, 4,965,188, 5,656,493, 5,998,143,
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6,140,054; WO 01/27327; and WO 01/27329 for example.
PCR primer pairs may also be used in any commercially
available machines that perform PCR, such as any of the
GeneAmp™ Systems available from Applied Biosystems.

Other appropriate sequencing methods include multiplex
polony sequencing (as described in Shendure et al., Accurate
Multiplex Polony Sequencing of an Evolved Bacterial
Genome, Sciencexpress, Aug. 4, 2005, pg 1 available at
www.sciencexpress.org/4 Aug. 2005/Pagel/10.1126/sci-
ence. 1117389, incorporated herein by reference), which
employs immobilized microbeads, and sequencing in micro-
fabricated picoliter reactors (as described in Margulies et al.,
Genome Sequencing in Microfabricated High-Density
Picoliter Reactors, Nature, August 2005, available at
www.nature.com/nature (published online 31 Jul. 2005, doi:
10.1038/nature03959, incorporated herein by reference).

Whole genome sequencing may also be utilized for dis-
criminating alleles of RNA transcripts, in some embodi-
ments. Examples of whole genome sequencing methods
include, but are not limited to, nanopore-based sequencing
methods, sequencing by synthesis and sequencing by liga-
tion, as described above.

In Situ Hybridization

In situ hybridization assays are well known and are gener-
ally described in Angerer et al., Methods Enzymol. 152:649-
660 (1987). In an in situ hybridization assay, cells, e.g., from
a biopsy, are fixed to a solid support, typically a glass slide. If
DNA is to be probed, the cells are denatured with heat or
alkali. The cells are then contacted with a hybridization solu-
tion at a moderate temperature to permit annealing of specific
probes that are labeled. The probes are preferably labeled
with radioisotopes or fluorescent reporters. FISH (fluores-
cence in situ hybridization) uses fluorescent probes that bind
to only those parts of a sequence with which they show a high
degree of sequence similarity.

FISH is a cytogenetic technique used to detect and localize
specific polynucleotide sequences in cells. For example,
FISH can be used to detect DNA sequences on chromosomes.
FISH can also be used to detect and localize specific RNAs,
e.g.,mRNAs, within tissue samples. In FISH uses fluorescent
probes that bind to specific nucleotide sequences to which
they show a high degree of sequence similarity. Fluorescence
microscopy can be used to find out whether and where the
fluorescent probes are bound. In addition to detecting specific
nucleotide sequences, e.g., translocations, fusion, breaks,
duplications and other chromosomal abnormalities, FISH can
help define the spatial-temporal patterns of specific gene copy
number and/or gene expression within cells and tissues.

Comparative Genomic Hybridization (CGH) employs the
kinetics of in situ hybridization to compare the copy numbers
of different DNA or RNA sequences from a sample, or the
copy numbers of different DNA or RNA sequences in one
sample to the copy numbers of the substantially identical
sequences in another sample. In many useful applications of
CGH, the DNA or RNA is isolated from a subject cell or cell
population. The comparisons can be qualitative or quantita-
tive. Procedures are described that permit determination of
the absolute copy numbers of DNA sequences throughout the
genome of a cell or cell population if the absolute copy
number is known or determined for one or several sequences.
The different sequences are discriminated from each other by
the different locations of their binding sites when hybridized
to a reference genome, usually metaphase chromosomes but
in certain cases interphase nuclei. The copy number informa-
tion originates from comparisons of the intensities of the
hybridization signals among the different locations on the
reference genome. The methods, techniques and applications
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of CGH are known, such as described in U.S. Pat. No. 6,335,
167, and in U.S. App. Ser. No. 60/804,818, the relevant parts
of which are herein incorporated by reference.

Other Sequence Analysis Methods

Nucleic acid variants can also be detected using standard
electrophoretic techniques. Although the detection step can
sometimes be preceded by an amplification step, amplifica-
tion is not required in the embodiments described herein.
Examples of methods for detection and quantification of a
nucleic acid using electrophoretic techniques can be found in
the art. A non-limiting example comprises running a sample
(e.g., mixed nucleic acid sample isolated from maternal
serum, or amplification nucleic acid species, for example) in
an agarose or polyacrylamide gel. The gel may be labeled
(e.g., stained) with ethidium bromide (see, Sambrook and
Russell, Molecular Cloning: A Laboratory Manual 3d ed.,
2001). The presence of a band of the same size as the standard
control is an indication of the presence of a target nucleic acid
sequence, the amount of which may then be compared to the
control based on the intensity of the band, thus detecting and
quantifying the target sequence of interest. In some embodi-
ments, restriction enzymes capable of distinguishing between
maternal and paternal alleles may be used to detect and quan-
tify target nucleic acid species. In certain embodiments, oli-
gonucleotide probes specific to a sequence of interest are used
to detect the presence of the target sequence of interest. The
oligonucleotides can also be used to indicate the amount of
the target nucleic acid molecules in comparison to the stan-
dard control, based on the intensity of signal imparted by the
probe.

Sequence-specific probe hybridization can be used to
detect a particular nucleic acid in a mixture or mixed popu-
lation comprising other species of nucleic acids. Under suf-
ficiently stringent hybridization conditions, the probes
hybridize specifically only to substantially complementary
sequences. The stringency of the hybridization conditions can
be relaxed to tolerate varying amounts of sequence mismatch.
A number of hybridization formats are known in the art,
which include but are not limited to, solution phase, solid
phase, or mixed phase hybridization assays. The following
articles provide an overview of the various hybridization
assay formats: Singer et al., Biotechniques 4:230, 1986;
Haase et al., Methods in Virology, pp. 189-226, 1984; Wilkin-
son, In situ Hybridization, Wilkinson ed., IRL Press, Oxford
University Press, Oxford; and Hames and Higgins eds.,
Nucleic Acid Hybridization: A Practical Approach, IRL
Press, 1987.

Hybridization complexes can be detected by techniques
known in the art. Nucleic acid probes capable of specifically
hybridizing to a target nucleic acid (e.g., mRNA or DNA) can
be labeled by any suitable method, and the labeled probe used
to detect the presence of hybridized nucleic acids. One com-
monly used method of detection is autoradiography, using
probes labeled with 3H, '2°I, *3S, *C, 3P, **P, or the like. The
choice of radioactive isotope depends on research preferences
due to ease of synthesis, stability, and half-lives of the
selected isotopes. Other labels include compounds (e.g.,
biotin and digoxigenin), which bind to antiligands or antibod-
ies labeled with fluorophores, chemiluminescent agents, and
enzymes. In some embodiments, probes can be conjugated
directly with labels such as fluorophores, chemiluminescent
agents or enzymes. The choice of label depends on sensitivity
required, ease of conjugation with the probe, stability require-
ments, and available instrumentation.

Alternatively, the restriction fragment length polymor-
phism (RFLP) and AFLP method may be used for molecular
profiling. If a nucleotide variant in the target DNA corre-
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sponding to the one or more genes results in the elimination or
creation of a restriction enzyme recognition site, then diges-
tion of the target DNA with that particular restriction enzyme
will generate an altered restriction fragment length pattern.
Thus, a detected RFLP or AFLP will indicate the presence of
a particular nucleotide variant.

Another useful approach is the single-stranded conforma-
tion polymorphism assay (SSCA), which is based on the
altered mobility of a single-stranded target DNA spanning the
nucleotide variant of interest. A single nucleotide change in
the target sequence can result in different intramolecular base
pairing pattern, and thus different secondary structure of the
single-stranded DNA, which can be detected in a non-dena-
turing gel. See Orita et al., Proc. Natl. Acad. Sci. USA,
86:2776-2770 (1989). Denaturing gel-based techniques such
as clamped denaturing gel electrophoresis (CDGE) and dena-
turing gradient gel electrophoresis (DGGE) detect differ-
ences in migration rates of mutant sequences as compared to
wild-type sequences in denaturing gel. See Miller et al., Bio-
techniques, 5:1016-24 (1999); Sheffield et al., Am. J. Hum,
Genet., 49:699-706 (1991); Wartell et al., Nucleic Acids Res.,
18:2699-2705 (1990); and Sheffield et al., Proc. Natl. Acad.
Sci. USA, 86:232-236 (1989). In addition, the double-strand
conformation analysis (DSCA) can also be useful in the
present invention. See Arguello et al., Nat. Genet., 18:192-
194 (1998).

The presence or absence of a nucleotide variant at a par-
ticular locus in the one or more genes of an individual can also
be detected using the amplification refractory mutation sys-
tem (ARMS) technique. See e.g., European Patent No. 0,332,
435; Newton et al.,, Nucleic Acids Res., 17:2503-2515
(1989); Fox et al., Br. J. Cancer, 77:1267-1274 (1998); Rob-
ertson et al., Eur. Respir. J., 12:477-482 (1998). In the ARMS
method, a primer is synthesized matching the nucleotide
sequence immediately 5' upstream from the locus being
tested except that the 3'-end nucleotide which corresponds to
the nucleotide at the locus is a predetermined nucleotide. For
example, the 3'-end nucleotide can be the same as that in the
mutated locus. The primer can be of any suitable length so
long as it hybridizes to the target DNA under stringent con-
ditions only when its 3'-end nucleotide matches the nucle-
otide at the locus being tested. Preferably the primer has at
least 12 nucleotides, more preferably from about 18 to 50
nucleotides. If the individual tested has a mutation at the locus
and the nucleotide therein matches the 3'-end nucleotide of
the primer, then the primer can be further extended upon
hybridizing to the target DNA template, and the primer can
initiate a PCR amplification reaction in conjunction with
another suitable PCR primer. In contrast, if the nucleotide at
the locus is of wild type, then primer extension cannot be
achieved. Various forms of ARMS techniques developed in
the past few years can be used. See e.g., Gibson et al., Clin.
Chem. 43:1336-1341 (1997).

Similar to the ARMS technique is the mini sequencing or
single nucleotide primer extension method, which is based on
the incorporation of a single nucleotide. An oligonucleotide
primer matching the nucleotide sequence immediately 5' to
the locus being tested is hybridized to the target DNA, mRNA
ormiRNA in the presence of labeled dideoxyribonucleotides.
A labeled nucleotide is incorporated or linked to the primer
only when the dideoxyribonucleotides matches the nucle-
otide at the variant locus being detected. Thus, the identity of
the nucleotide at the variant locus can be revealed based on
the detection label attached to the incorporated dideoxyribo-
nucleotides. See Syvanen et al., Genomics, 8:684-692
(1990); Shumaker et al., Hum. Mutat., 7:346-354 (1996);
Chen et al., Genome Res., 10:549-547 (2000).
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Another set of techniques useful in the present invention is
the so-called “oligonucleotide ligation assay” (OLA) in
which differentiation between a wild-type locus and a muta-
tion is based on the ability of two oligonucleotides to anneal
adjacent to each other on the target DNA molecule allowing
the two oligonucleotides joined together by a DNA ligase.
See Landergren et al., Science, 241:1077-1080 (1988); Chen
etal, Genome Res., 8:549-556 (1998); lannone et al., Cytom-
etry, 39:131-140(2000). Thus, for example, to detect a single-
nucleotide mutation at a particular locus in the one or more
genes, two oligonucleotides can be synthesized, one having
the sequence just 5' upstream from the locus with its 3' end
nucleotide being identical to the nucleotide in the variant
locus of the particular gene, the other having a nucleotide
sequence matching the sequence immediately 3' downstream
from the locus in the gene. The oligonucleotides can be
labeled for the purpose of detection. Upon hybridizing to the
target gene under a stringent condition, the two oligonucle-
otides are subject to ligation in the presence of a suitable
ligase. The ligation of the two oligonucleotides would indi-
cate that the target DNA has a nucleotide variant at the locus
being detected.

Detection of small genetic variations can also be accom-
plished by a variety of hybridization-based approaches.
Allele-specific oligonucleotides are most useful. See Conner
etal., Proc. Natl. Acad. Sci. USA, 80:278-282 (1983); Saiki et
al, Proc. Natl. Acad. Sci. USA, 86:6230-6234 (1989). Oligo-
nucleotide probes (allele-specific) hybridizing specifically to
a gene allele having a particular gene variant at a particular
locus but not to other alleles can be designed by methods
known in the art. The probes can have a length of, e.g., from
10 to about 50 nucleotide bases. The target DNA and the
oligonucleotide probe can be contacted with each other under
conditions sufficiently stringent such that the nucleotide vari-
ant can be distinguished from the wild-type gene based on the
presence or absence of hybridization. The probe can be
labeled to provide detection signals. Alternatively, the allele-
specific oligonucleotide probe can be used as a PCR ampli-
fication primer in an “allele-specific PCR” and the presence
or absence of a PCR product of the expected length would
indicate the presence or absence of a particular nucleotide
variant.

Other useful hybridization-based techniques allow two
single-stranded nucleic acids annealed together even in the
presence of mismatch due to nucleotide substitution, inser-
tion or deletion. The mismatch can then be detected using
various techniques. For example, the annealed duplexes can
be subject to electrophoresis. The mismatched duplexes can
be detected based on their electrophoretic mobility that is
different from the perfectly matched duplexes. See Cariello,
Human Genetics, 42:726 (1988). Alternatively, in an RNase
protection assay, a RNA probe can be prepared spanning the
nucleotide variant site to be detected and having a detection
marker. See Giunta et al., Diagn. Mol. Path., 5:265-270
(1996); Finkelstein et al., Genomics, 7:167-172 (1990); Kin-
szler et al., Science 251:1366-1370 (1991). The RNA probe
can be hybridized to the target DNA or mRNA forming a
heteroduplex that is then subject to the ribonuclease RNase A
digestion. RNase A digests the RNA probe in the heterodu-
plex only at the site of mismatch. The digestion can be deter-
mined on a denaturing electrophoresis gel based on size varia-
tions. In addition, mismatches can also be detected by
chemical cleavage methods known in the art. See e.g., Rob-
erts et al., Nucleic Acids Res., 25:3377-3378 (1997).

In the mutS assay, a probe can be prepared matching the
gene sequence surrounding the locus at which the presence or
absence of a mutation is to be detected, except that a prede-
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termined nucleotide is used at the variant locus. Upon anneal-
ing the probe to the target DNA to form a duplex, the E. cofi
mutS protein is contacted with the duplex. Since the mutS
protein binds only to heteroduplex sequences containing a
nucleotide mismatch, the binding of the mutS protein will be
indicative of the presence of a mutation. See Modrich et al.,
Ann. Rev. Genet., 25:229-253 (1991).

A great variety of improvements and variations have been
developed in the art on the basis of the above-described basic
techniques which can be useful in detecting mutations or
nucleotide variants in the present invention. For example, the
“sunrise probes” or “molecular beacons” use the fluorescence
resonance energy transfer (FRET) property and give rise to
high sensitivity. See Wolf et al., Proc. Nat. Acad. Sci. USA,
85:8790-8794 (1988). Typically, a probe spanning the nucle-
otide locus to be detected are designed into a hairpin-shaped
structure and labeled with a quenching fluorophore at one end
and a reporter fluorophore at the other end. In its natural state,
the fluorescence from the reporter fluorophore is quenched by
the quenching fluorophore due to the proximity of one fluo-
rophore to the other. Upon hybridization of the probe to the
target DNA, the 5' end is separated apart from the 3'-end and
thus fluorescence signal is regenerated. See Nazarenko et al.,
Nucleic Acids Res., 25:2516-2521 (1997); Rychlik et al.,
Nucleic Acids Res., 17:8543-8551 (1989); Sharkey et al.,
Bio/Technology 12:506-509 (1994); Tyagi et al., Nat. Bio-
technol., 14:303-308 (1996); Tyagi et al., Nat. Biotechnol.,
16:49-53 (1998). The homo-tag assisted non-dimer system
(HANDS) can be used in combination with the molecular
beacon methods to suppress primer-dimer accumulation. See
Brownie et al., Nucleic Acids Res., 25:3235-3241 (1997).

Dye-labeled oligonucleotide ligation assay is a FRET-
based method, which combines the OLA assay and PCR. See
Chen et al., Genome Res. 8:549-556 (1998). TagMan is
another FRET-based method for detecting nucleotide vari-
ants. A TagMan probe can be oligonucleotides designed to
have the nucleotide sequence of the gene spanning the variant
locus of'interest and to differentially hybridize with different
alleles. The two ends of the probe are labeled with a quench-
ing fluorophore and a reporter fluorophore, respectively. The
TagMan probe is incorporated into a PCR reaction for the
amplification of a target gene region containing the locus of
interest using Taq polymerase. As Taq polymerase exhibits
5'-3' exonuclease activity but has no 3'-5' exonuclease activ-
ity, if the TagMan probe is annealed to the target DNA tem-
plate, the 5'-end of the TagMan probe will be degraded by Taq
polymerase during the PCR reaction thus separating the
reporting fluorophore from the quenching fluorophore and
releasing fluorescence signals. See Holland et al., Proc. Natl.
Acad. Sci. USA, 88:7276-7280 (1991); Kalinina et al.,
Nucleic Acids Res., 25:1999-2004 (1997); Whitcombe et al.,
Clin. Chem., 44:918-923 (1998).

In addition, the detection in the present invention can also
employ a chemiluminescence-based technique. For example,
an oligonucleotide probe can be designed to hybridize to
either the wild-type or a variant gene locus but not both. The
probe is labeled with a highly chemiluminescent acridinium
ester. Hydrolysis of the acridinium ester destroys chemilumi-
nescence. The hybridization of the probe to the target DNA
prevents the hydrolysis of the acridinium ester. Therefore, the
presence or absence of a particular mutation in the target
DNA is determined by measuring chemiluminescence
changes. See Nelson etal., Nucleic Acids Res., 24:4998-5003
(1996).

The detection of genetic variation in the gene in accordance
with the present invention can also be based on the “base
excision sequence scanning” (BESS) technique. The BESS
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method is a PCR-based mutation scanning method. BESS
T-Scan and BESS G-Tracker are generated which are analo-
gous to T and G ladders of dideoxy sequencing. Mutations are
detected by comparing the sequence of normal and mutant
DNA. See, e.g., Hawkins et al., Electrophoresis, 20:1171-
1176 (1999).

Mass spectrometry can be used for molecular profiling
according to the invention. See Graber et al., Curr. Opin.
Biotechnol., 9:14-18 (1998). For example, in the primer oligo
base extension (PROBE™) method, a target nucleic acid is
immobilized to a solid-phase support. A primer is annealed to
the target immediately 5' upstream from the locus to be ana-
lyzed. Primer extension is carried out in the presence of a
selected mixture of deoxyribonucleotides and dideoxyribo-
nucleotides. The resulting mixture of newly extended primers
is then analyzed by MALDI-TOF. See e.g., Monforte et al.,
Nat. Med., 3:360-362 (1997).

In addition, the microchip or microarray technologies are
also applicable to the detection method of the present inven-
tion. Essentially, in microchips, a large number of different
oligonucleotide probes are immobilized in an array on a sub-
strate or carrier, e.g., a silicon chip or glass slide. Target
nucleic acid sequences to be analyzed can be contacted with
the immobilized oligonucleotide probes on the microchip.
See Lipshutz et al., Biotechniques, 19:442-447 (1995); Chee
et al., Science, 274:610-614 (1996); Kozal et al., Nat. Med.
2:753-759 (1996); Hacia et al., Nat. Genet., 14:441-447
(1996); Saiki et al., Proc. Natl. Acad. Sci. USA, 86:6230-
6234 (1989); Gingeras et al., Genome Res., 8:435-448
(1998). Alternatively, the multiple target nucleic acid
sequences to be studied are fixed onto a substrate and an array
of'probes is contacted with the immobilized target sequences.
See Drmanac et al., Nat. Biotechnol., 16:54-58 (1998).
Numerous microchip technologies have been developed
incorporating one or more of the above described techniques
for detecting mutations. The microchip technologies com-
bined with computerized analysis tools allow fast screening
in a large scale. The adaptation of the microchip technologies
to the present invention will be apparent to a person of skill in
the art apprised of the present disclosure. See, e.g., U.S. Pat.
No. 5,925,525 to Fodor et al; Wilgenbus et al., J. Mol. Med.,
77:761-786 (1999); Graber et al., Curr. Opin. Biotechnol.,
9:14-18 (1998); Hacia et al., Nat. Genet., 14:441-447 (1996);
Shoemaker et al., Nat. Genet., 14:450-456 (1996); DeRisi et
al., Nat. Genet., 14:457-460 (1996); Chee et al., Nat. Genet.,
14:610-614 (1996); Lockhart et al., Nat. Genet., 14:675-680
(1996); Drobyshev et al., Gene, 188:45-52 (1997).

As is apparent from the above survey of the suitable detec-
tion techniques, it may or may not be necessary to amplify the
target DNA, i.e., the gene, cDNA, mRNA, miRNA, or a
portion thereof to increase the number of target DNA mol-
ecule, depending on the detection techniques used. For
example, most PCR-based techniques combine the amplifi-
cation of a portion of the target and the detection of the
mutations. PCR amplification is well known in the art and is
disclosed in U.S. Pat. Nos. 4,683,195 and 4,800,159, both
which are incorporated herein by reference. For non-PCR-
based detection techniques, if necessary, the amplification
can be achieved by, e.g., in vivo plasmid multiplication, or by
puritying the target DNA from a large amount of tissue or cell
samples. See generally, Sambrook et al., Molecular Cloning:
A Laboratory Manual, 24 ed., Cold Spring Harbor Labora-
tory, Cold Spring Harbor, N.Y., 1989. However, even with
scarce samples, many sensitive techniques have been devel-
oped in which small genetic variations such as single-nucle-
otide substitutions can be detected without having to amplify
the target DNA in the sample. For example, techniques have
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been developed that amplify the signal as opposed to the
target DNA by, e.g., employing branched DNA or dendrimers
that can hybridize to the target DNA. The branched or den-
drimer DNAs provide multiple hybridization sites for hybrid-
ization probes to attach thereto thus amplifying the detection
signals. See Detmer et al., J. Clin. Microbiol., 34:901-907
(1996); Collins et al., Nucleic Acids Res., 25:2979-2984
(1997); Horn et al., Nucleic Acids Res., 25:4835-4841
(1997); Horn et al., Nucleic Acids Res., 25:4842-4849
(1997); Nilsen et al., J. Theor. Biol., 187:273-284 (1997).

The Invader™ assay is nother technique for detecting
single nucleotide variations that can be used for molecular
profiling according to the invention. The Invader™ assay uses
a novel linear signal amplification technology that improves
upon the long turnaround times required of the typical PCR
DNA sequenced-based analysis. See Cooksey et al., Antimi-
crobial Agents and Chemotherapy 44:1296-1301 (2000).
This assay is based on cleavage of a unique secondary struc-
ture formed between two overlapping oligonucleotides that
hybridize to the target sequence of interest to form a “flap.”
Each “flap” then generates thousands of signals per hour.
Thus, the results of this technique can be easily read, and the
methods do not require exponential amplification of the DNA
target. The Invader™ system utilizes two short DNA probes,
which are hybridized to a DNA target. The structure formed
by the hybridization event is recognized by a special cleavase
enzyme that cuts one of the probes to release a short DNA
“flap”” Each released “flap” then binds to a fluorescently-
labeled probe to form another cleavage structure. When the
cleavase enzyme cuts the labeled probe, the probe emits a
detectable fluorescence signal. See e.g. Lyamichev et al., Nat.
Biotechnol., 17:292-296 (1999).

The rolling circle method is another method that avoids
exponential amplification. Lizardi et al., Nature Genetics,
19:225-232 (1998) (which is incorporated herein by refer-
ence). For example, Sniper™, a commercial embodiment of
this method, is a sensitive, high-throughput SNP scoring sys-
tem designed for the accurate fluorescent detection of specific
variants. For each nucleotide variant, two linear, allele-spe-
cific probes are designed. The two allele-specific probes are
identical with the exception of the 3'-base, which is varied to
complement the variant site. In the first stage of the assay,
target DNA is denatured and then hybridized with a pair of
single, allele-specific, open-circle oligonucleotide probes.
When the 3'-base exactly complements the target DNA, liga-
tion of the probe will preferentially occur. Subsequent detec-
tion of the circularized oligonucleotide probes is by rolling
circle amplification, whereupon the amplified probe products
are detected by fluorescence. See Clark and Pickering, Life
Science News 6, 2000, Amersham Pharmacia Biotech (2000).

A number of other techniques that avoid amplification all
together include, e.g., surface-enhanced resonance Raman
scattering (SERRS), fluorescence correlation spectroscopy,
and single-molecule electrophoresis. In SERRS, a chro-
mophore-nucleic acid conjugate is absorbed onto colloidal
silver and is irradiated with laser light at a resonant frequency
of the chromophore. See Graham et al., Anal. Chem.,
69:4703-4707 (1997). The fluorescence correlation spectros-
copy is based on the spatio-temporal correlations among fluc-
tuating light signals and trapping single molecules in an elec-
tric field. See Eigen et al., Proc. Natl. Acad. Sci. USA,
91:5740-5747 (1994). In single-molecule electrophoresis,
the electrophoretic velocity of a fluorescently tagged nucleic
acid is determined by measuring the time required for the
molecule to travel a predetermined distance between two
laser beams. See Castro et al., Anal. Chem., 67:3181-3186
(1995).
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In addition, the allele-specific oligonucleotides (ASO) can
also be used in in situ hybridization using tissues or cells as
samples. The oligonucleotide probes which can hybridize
differentially with the wild-type gene sequence or the gene
sequence harboring a mutation may be labeled with radioac-
tive isotopes, fluorescence, or other detectable markers. In
situ hybridization techniques are well known in the art and
their adaptation to the present invention for detecting the
presence or absence of a nucleotide variant in the one or more
gene of a particular individual should be apparent to a skilled
artisan apprised of this disclosure.

Protein-based detection techniques are also useful for
molecular profiling, especially when the nucleotide variant
causes amino acid substitutions or deletions or insertions or
frameshift that affect the protein primary, secondary or ter-
tiary structure. To detect the amino acid variations, protein
sequencing techniques may be used. For example, a protein or
fragment thereof corresponding to a gene can be synthesized
by recombinant expression using a DNA fragment isolated
from an individual to be tested. Preferably, a cDNA fragment
of no more than 100 to 150 base pairs encompassing the
polymorphic locus to be determined is used. The amino acid
sequence of the peptide can then be determined by conven-
tional protein sequencing methods. Alternatively, the HPL.C-
microscopy tandem mass spectrometry technique can be used
for determining the amino acid sequence variations. In this
technique, proteolytic digestion is performed on a protein,
and the resulting peptide mixture is separated by reversed-
phase chromatographic separation. Tandem mass spectrom-
etry is then performed and the data collected therefrom is
analyzed. See Gatlin et al., Anal. Chem., 72:757-763 (2000).

Other protein-based detection molecular profiling tech-
niques include immunoaffinity assays based on antibodies
selectively immunoreactive with mutant gene encoded pro-
tein according to the present invention. Methods for produc-
ing such antibodies are known in the art. Antibodies can be
used to immunoprecipitate specific proteins from solution
samples or to immunoblot proteins separated by, e.g., poly-
acrylamide gels. Immunocytochemical methods can also be
used in detecting specific protein polymorphisms in tissues or
cells. Other well-known antibody-based techniques can also
be used including, e.g., enzyme-linked immunosorbent assay
(ELISA), radioimmunoassay (RIA), immunoradiometric
assays (IRMA) and immunoenzymatic assays (IEMA),
including sandwich assays using monoclonal or polyclonal
antibodies. See, e.g., U.S. Pat. Nos. 4,376,110 and 4,486,530,
both of which are incorporated herein by reference.

Accordingly, the presence or absence of one or more genes
nucleotide variant or amino acid variant in an individual can
be determined using any of the detection methods described
above.

Typically, once the presence or absence of one or more
gene nucleotide variants or amino acid variants is determined,
physicians or genetic counselors or patients or other research-
ers may be informed of the result. Specifically the result can
be cast in a transmittable form that can be communicated or
transmitted to other researchers or physicians or genetic
counselors or patients. Such a form can vary and can be
tangible or intangible. The result with regard to the presence
or absence of a nucleotide variant of the present invention in
the individual tested can be embodied in descriptive state-
ments, diagrams, photographs, charts, images or any other
visual forms. For example, images of gel electrophoresis of
PCR products can be used in explaining the results. Diagrams
showing where a variant occurs in an individual’s gene are
also useful in indicating the testing results. The statements
and visual forms can be recorded on a tangible media such as
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papers, computer readable media such as floppy disks, com-
pact disks, etc., or on an intangible media, e.g., an electronic
media in the form of email or website on internet or intranet.
In addition, the result with regard to the presence or absence
of a nucleotide variant or amino acid variant in the individual
tested can also be recorded in a sound form and transmitted
through any suitable media, e.g., analog or digital cable lines,
fiber optic cables, etc., via telephone, facsimile, wireless
mobile phone, internet phone and the like.

Thus, the information and data on a test result can be
produced anywhere in the world and transmitted to a different
location. For example, when a genotyping assay is conducted
offshore, the information and data on a test result may be
generated and cast in a transmittable form as described above.
The test result in a transmittable form thus can be imported
into the U.S. Accordingly, the present invention also encom-
passes a method for producing a transmittable form of infor-
mation on the genotype of the two or more suspected cancer
samples from an individual. The method comprises the steps
of (1) determining the genotype of the DNA from the samples
according to methods of the present invention; and (2)
embodying the result of the determining step in a transmit-
table form. The transmittable form is the product of the pro-
duction method.

Data and Analysis

The practice of the present invention may also employ
conventional biology methods, software and systems. Com-
puter software products of the invention typically include
computer readable medium having computer-executable
instructions for performing the logic steps of the method of
the invention. Suitable computer readable medium include
floppy disk, CD-ROM/DVD/DVD-ROM, hard-disk drive,
flash memory, ROM/RAM, magnetic tapes and etc. The com-
puter executable instructions may be written in a suitable
computer language or combination of several languages.
Basic computational biology methods are described in, for
example Setubal and Meidanis et al., Introduction to Compu-
tational Biology Methods (PWS Publishing Company, Bos-
ton, 1997); Salzberg, Searles, Kasif, (Ed.), Computational
Methods in Molecular Biology, (Elsevier, Amsterdam, 1998);
Rashidi and Buehler, Bioinformatics Basics: Application in
Biological Science and Medicine (CRC Press, London, 2000)
and Ouelette and Bzevanis Bioinformatics: A Practical Guide
for Analysis of Gene and Proteins (Wiley & Sons, Inc.,
2.sup.nd ed., 2001). See U.S. Pat. No. 6,420,108.

The present invention may also make use of various com-
puter program products and software for a variety of pur-
poses, such as probe design, management of data, analysis,
and instrument operation. See, U.S. Pat. Nos. 5,593,839,
5,795,716, 5,733,729, 5,974,164, 6,066,454, 6,090,555,
6,185,561, 6,188,783, 6,223,127, 6,229,911 and 6,308,170.

Additionally, the present invention relates to embodiments
that include methods for providing genetic information over
networks such as the Internet as shown in U.S. Ser. Nos.
10/197,621, 10/063,559 (U.S. Publication Number
20020183936), Ser. Nos. 10/065,856, 10/065,868, 10/328,
818, 10/328,872, 10/423,403, and 60/482,389. For example,
one or more molecular profiling techniques can be performed
in one location, e.g., a city, state, country or continent, and the
results can be transmitted to a different city, state, country or
continent. Treatment selection can then be made in whole or
in part in the second location. The methods of the invention
comprise transmittal of information between different loca-
tions.

Molecular Profiling for Treatment Selection

The methods of the invention provide a candidate treat-
ment selection for a subject in need thereof. Molecular pro-
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filing can be used to identify one or more candidate therapeu-
tic agents for an individual suffering from a condition in
which one or more of the biomarkers disclosed herein are
targets for treatment. For example, the method can identify
one or more chemotherapy treatments for a cancer. In an
aspect, the invention provides a method comprising: perform-
ing an immunohistochemistry (IHC) analysis on a sample
from the subject to determine an IHC expression profile on at
least five proteins; performing a microarray analysis on the
sample to determine a microarray expression profile on at
least ten genes; performing a fluorescent in-situ hybridization
(FISH) analysis on the sample to determine a FISH mutation
profile on at least one gene; performing DNA sequencing on
the sample to determine a sequencing mutation profile on at
least one gene; and comparing the IHC expression profile,
microarray expression profile, FISH mutation profile and
sequencing mutation profile against a rules database, wherein
the rules database comprises a mapping of treatments whose
biological activity is known against diseased cells that: 1)
overexpress or underexpress one or more proteins included in
the THC expression profile; ii) overexpress or underexpress
one or more genes included in the microarray expression
profile; iii) have zero or more mutations in one or more genes
included in the FISH mutation profile; and/or iv) have zero or
more mutations in one or more genes included in the sequenc-
ing mutation profile; and identifying the treatment if the com-
parison against the rules database indicates that the treatment
should have biological activity against the diseased cells; and
the comparison against the rules database does not contrain-
dicate the treatment for treating the diseased cells. The dis-
ease can be a cancer. The molecular profiling steps can be
performed in any order. In some embodiments, not all of the
molecular profiling steps are performed. As a non-limiting
example, microarray analysis is not performed if the sample
quality does not meet a threshold value, as described herein.
In another example, sequencing is performed only if FISH
analysis meets a threshold value. Any relevant biomarker can
be assessed using one or more of the molecular profiling
techniques described herein or known in the art. The marker
need only have some direct or indirect association with a
treatment to be useful.

Molecular profiling comprises the profiling of at least one
gene (or gene product) for each assay technique that is per-
formed. Different numbers of genes can be assayed with
different techniques. Any marker disclosed herein that is
associated directly or indirectly with a target therapeutic can
be assessed based on either the gene, e.g., DNA sequence,
and/or gene product, e.g., mRNA or protein. Such nucleic
acid and/or polypeptide can be profiled as applicable as to
presence or absence, level or amount, mutation, sequence,
haplotype, rearrangement, copy number, etc. In some
embodiments, a single gene and/or one or more correspond-
ing gene products is assayed by more than one molecular
profiling technique. A gene or gene product (also referred to
herein as “marker” or “biomarker”), e.g., an mRNA or pro-
tein, is assessed using applicable techniques (e.g., to assess
DNA, RNA, protein), including without limitation FISH,
microarray, IHC, sequencing or immunoassay. Therefore,
any of the markers disclosed herein can be assayed by a single
molecular profiling technique or by multiple methods dis-
closed herein (e.g., a single marker is profiled by one or more
of THC, FISH, sequencing, microarray, etc.). In some
embodiments, at least about 1, 2,3,4,5,6,7,8,9,10,11,12,
13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,
30,35, 40, 45, 50, 55, 60, 65,70, 75, 80, 85, 90, 95 or at least
about 100 genes or gene products are profiled by at least one
technique, a plurality of techniques, or each of FISH,
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microarray, IHC, and sequencing. In some embodiments, at
least about 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000,
2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10,000,
11,000, 12,000, 13,000, 14,000, 15,000, 16,000, 17,000,
18,000, 19,000, 20,000, 21,000, 22,000, 23,000, 24,000,
25,000, 26,000, 27,000, 28,000, 29,000, 30,000, 31,000,
32,000, 33,000, 34,000, 35,000, 36,000, 37,000, 38,000,
39,000, 40,000, 41,000, 42,000, 43,000, 44,000, 45,000,
46,000, 47,000, 48,000, 49,000, or at least about 50,000 genes
or gene products are profiled by each technique. The number
of markers assayed can depend on the technique used. For
example, microarray and massively parallel sequencing lend
themselves to high throughput analysis.

In some embodiments, a sample from a subject in need
thereof is profiled using methods which include but are not
limited to THC expression profiling, microarray expression
profiling, FISH mutation profiling, and/or sequencing muta-
tion profiling (such as by PCR, RT-PCR, pyrosequencing) for
one or more of the following: ABCC1, ABCG2, ACE2, ADA,
ADHIC, ADH4, AGT, Androgen receptor, AR, AREG,
ASNS, BCL2, BCRP, BDCA1, BIRCS, B-RAF, BRCAI,
BRCA2, CA2, caveolin, CD20, CD25, CD33, CD52, CDA,
CDK2, CDW52, CES2, CK 14, CK 17, CK 5/6, ¢-KIT,
c-Myc, COX-2, Cyclin D1, DCK, DHFR, DNMTI,
DNMT3A, DNMT3B, E-Cadherin, ECGF1, EGFR, EPHA2,
Epiregulin, ER, ERBR2, ERCC1, ERCC3, EREG, ESRI,
FLT1, folate receptor, FOLR1, FOLR2, FSHB, FSHPRHI1,
FSHR, FYN, GART, GNRHI1, GNRHRI1, GSTP1, HCK,
HDAC1, Her2/Neu, HGF, HIF1A, HIG1, HSP90,
HSP90AA1, HSPCA, IL13RAI1, IL2RA, KDR, KIT,
K-RAS, LCK, LTB, Lymphotoxin Beta Receptor, LYN,
MGMT, MLH1, MRP1, MS4A1, MSH2, Myc, NFKBI,
NFKB2, NFKBIA, ODC1, OGFR, p53, p95, PARP-1,
PDGFC, PDGFR, PDGFRA, PDGFRB, PGP, PGR, PI3K,
POLA, POLA1, PPARG, PPARGCI, PR, PTEN, PTGS2,
RAF1, RARA, RRM1, RRM2, RRM2B, RXRB, RXRG,
SPARC, SPARC MC, SPARC PC, SRC, SSTR1, SSTR2,
SSTR3, SSTR4, SSTRS, Survivin, TK1, TLE3, TNF, TOP1,
TOP2A, TOP2B, TOPO1, TOPO2B, Topoisomerase 11, TS,
TXN, TXNRDI1, TYMS, VDR, VEGF, VEGFA, VEGFC,
VHL, YES1, ZAP70.

In some embodiments, additional molecular profiling
methods are performed. These can include without limitation
PCR, RT-PCR, Q-PCR, SAGE, MPSS, immunoassays and
other techniques to assess biological systems described
herein or known to those of'skill in the art. The choice of genes
and gene products to be assayed can be updated over time as
new treatments and new drug targets are identified. Once the
expression or mutation of a biomarker is correlated with a
treatment option, it can be assessed by molecular profiling.
One of skill will appreciate that such molecular profiling is
not limited to those techniques disclosed herein but com-
prises any methodology conventional for assessing nucleic
acid or protein levels, sequence information, or both. The
methods of the invention can also take advantage of any
improvements to current methods or new molecular profiling
techniques developed in the future. In some embodiments, a
gene or gene product is assessed by a single molecular pro-
filing technique. In other embodiments, a gene and/or gene
product is assessed by multiple molecular profiling tech-
niques. In a non-limiting example, a gene sequence can be
assayed by one or more of FISH and pyrosequencing analy-
sis, the mRNA gene product can be assayed by one or more of
RT-PCR and microarray, and the protein gene product can be
assayed by one or more of IHC and immunoassay. One of'skill
will appreciate that any combination of biomarkers and
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molecular profiling techniques that will benefit disease treat-
ment are contemplated by the invention.

Genes and gene products that are known to play a role in
cancer and can be assayed by any of the molecular profiling
techniques ofthe invention include without limitation 2AR, A
DISINTEGRIN, ACTIVATOR OF THYROID AND RET-
INOIC ACID RECEPTOR (ACTR), ADAM 11, ADIPO-
GENESIS INHIBITORY FACTOR (ADIF), ALPHA 6
INTEGRIN SUBUNIT, ALPHA V INTEGRIN SUBUNIT,
ALPHA-CATENIN, AMPLIFIED IN BREAST CANCER 1
(AIB1), AMPLIFIED IN BREAST CANCER 3 (AIB3),
AMPLIFIED IN BREAST CANCER 4 (AIB4), AMYLOID
PRECURSOR PROTEIN SECRETASE (APPS), AP-2
GAMMA, APPS, ATP-BINDING CASSETTE TRANS-
PORTER (ABCT), PLACENTA-SPECIFIC (ABCP), ATP-
BINDING CASSETTE SUBFAMILY C MEMBER
(ABCC1), BAG-1, BASIGIN (BSG), BCEI, B-CELL DIF-
FERENTIATION FACTOR (BCDF), B-CELL LEUKEMIA
2 (BCL-2), B-CELL STIMULATORY FACTOR-2 (BSF-2),
BCL-1, BCL-2-ASSOCIATED X PROTEIN (BAX), BCRP,
BETA 1 INTEGRIN SUBUNIT, BETA 3 INTEGRIN SUB-
UNIT, BETA 5 INTEGRIN SUBUNIT, BETA-2 INTER-
FERON, BETA-CATENIN, BETA-CATENIN, BONE SIA-
LOPROTEIN (BSP), BREAST CANCER ESTROGEN-
INDUCIBLE SEQUENCE (BCEI), BREAST CANCER
RESISTANCE PROTEIN (BCRP), BREAST CANCER
TYPE 1 (BRCA1), BREAST CANCER TYPE 2 (BRCA2),
BREAST CARCINOMA AMPLIFIED SEQUENCE 2
(BCAS2), CADHERIN, EPITHELIAL CADHERIN-11,
CADHERIN-ASSOCIATED PROTEIN, CALCITONIN
RECEPTOR (CTR), CALCIUM PLACENTAL PROTEIN
(CAPL), CALCYCLIN, CALLA, CAMS, CAPL, CARCI-
NOEMBRYONIC ANTIGEN (CEA), CATENIN, ALPHA 1,
CATHEPSIN B, CATHEPSIN D, CATHEPSIN K, CATHE-
PSINL2, CATHEPSIN O, CATHEPSINO1, CATHEPSINY,
CD10, CD146, CD147, CD24, CD29, CD44, CD51, CD54,
CD61, CD66e, CD82,CD87,CD9, CEA, CELLULAR RET-
INOL-BINDING PROTEIN 1 (CRBP1), c-ERBB-2, CK7,
CKS8, CK18, CK19, CK20, CLAUDIN-7, ¢-MET, COLLA-
GENASE, FIBROBLAST, COLLAGENASE, INTERSTI-
TIAL, COLLAGENASE-3, COMMON ACUTE LYMPHO-
CYTIC LEUKEMIA ANTIGEN (CALLA), CONNEXIN 26
(Cx26), CONNEXIN 43 (Cx43), CORTACTIN, COX-2,
CTLA-8, CTR, CTSD, CYCLIN D1, CYCLOOXYGE-
NASE-2, CYTOKERATIN 18, CYTOKERATIN 19,
CYTOKERATIN 8, CYTOTOXIC T-LYMPHOCYTE-AS-
SOCIATED SERINE ESTERASE 8 (CTLA-8), DIFFEREN-
TIATION-INHIBITING ACTIVITY (DIA), DNA AMPLI-
FIED IN MAMMARY CARCINOMA 1 (DAMI1), DNA
TOPOISOMERASE TALPHA, DR-NM23, E-CADHERIN,
EMMPRIN, EMS1, ENDOTHELIAL CELL GROWTH
FACTOR (ECGR), PLATELET-DERIVED (PD-ECGF),
ENKEPHALINASE, EPIDERMAL GROWTH FACTOR
RECEPTOR (EGFR), EPISIALIN, EPITHELIAL MEM-
BRANE ANTIGEN (EMA), ER-ALPHA, ERBB2, ERBB4,
ER-BETA, ERF-1, ERYTHROID-POTENTIATING
ACTIVITY (EPA), ESR1, ESTROGEN RECEPTOR-AL-
PHA, ESTROGEN RECEPTOR-BETA, ETS-1, EXTRA-
CELLULAR MATRIX METALLOPROTEINASE
INDUCER (EMMPRIN), FIBRONECTIN RECEPTOR,
BETA POLYPEPTIDE (FNRB), FIBRONECTIN RECEP-
TOR BETA SUBUNIT (FNRB), FLK-1, GA15.3, GA733.2,
GALECTIN-3, GAMMA-CATENIN, GAP JUNCTION
PROTEIN (26 kDa), GAP JUNCTION PROTEIN (43 kDa),
GAP JUNCTION PROTEIN ALPHA-1 (GJAl), GAP
JUNCTION PROTEIN BETA-2 (GIB2), GCP1, GELATI-
NASE A, GELATINASE B, GELATINASE (72 kDa),
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GELATINASE (92 kDa), GLIOSTATIN, GLUCOCORTI-
COID RECEPTOR INTERACTING PROTEIN 1 (GRIP1),
GLUTATHIONE S-TRANSFERASE p, GM-CSF, GRANU-
LOCYTE CHEMOTACTIC PROTEIN 1 (GCP1), GRANU-
LOCYTE-MACROPHAGE-COLONY  STIMULATING
FACTOR, GROWTH FACTOR RECEPTOR BOUND-7
(GRB-7), GSTp, HAP, HEAT-SHOCK COGNATE PRO-
TEIN 70 (HSC70), HEAT-STABLE ANTIGEN, HEPATO-
CYTE GROWTH FACTOR (HGF), HEPATOCYTE
GROWTH FACTOR RECEPTOR (HGFR), HEPATO-
CYTE-STIMULATING FACTOR I (HSF III), HER-2,
HER2/NEU, HERMES ANTIGEN, HET, HHM,
HUMORAI, HYPERCALCEMIA OF MALIGNANCY
(HHM), ICERE-1, INT-1, INTERCELLULAR ADHESION
MOLECULE-1 (ICAM-1), INTERFERON-GAMMA-IN-
DUCING FACTOR (IGIF), INTERLEUKIN-1 ALPHA (IL-
1A), INTERLEUKIN-1 BETA (IL-1B), INTERLEUKIN-11
(IL-11), INTERLEUKIN-17 (IL-17), INTERLEUKIN-18
(IL-18), INTERLEUKIN-6 (IL-6), INTERLEUKIN-8 (IL-
8), INVERSELY CORRELATED WITH ESTROGEN
RECEPTOR EXPRESSION-1 (ICERE-1), KAIl, KDR,
KERATIN 8, KERATIN 18, KERATIN 19, KISS-1, LEU-
KEMIA INHIBITORY FACTOR (LIF), LIF, LOST IN
INFLAMMATORY BREAST CANCER (LIBC), LOT
(“LOST ON TRANSFORMATION”), LYMPHOCYTE
HOMING RECEPTOR, MACROPHAGE-COLONY
STIMULATING FACTOR, MAGE-3, MAMMAGLOBIN,
MASPIN, MC56, M-CSF, MDC, MDNCF, MDR, MELA-
NOMA CELL ADHESION MOLECULE (MCAM), MEM-
BRANE METALLOENDOPEPTIDASE (MME), MEM-
BRANE-ASSOCIATED NEUTRAL ENDOPEPTIDASE
(NEP), CYSTEINE-RICH PROTEIN (MDC), METASTA-
SIN' (MTS-1), MLN64, MMP1, MMP2, MMP3, MMP?7,
MMP9, MMP11, MMP13, MMP14, MMP15, MMP16,
MMP17, MOESIN, MONOCYTE ARGININE-SERPIN,
MONOCYTE-DERIVED NEUTROPHIL CHEMOTACTIC
FACTOR, MONOCYTE-DERIVED PLASMINOGEN
ACTIVATOR INHIBITOR, MTS-1, MUC-1, MUCIS,
MUCIN LIKE CANCER ASSOCIATED ANTIGEN
(MCA), MUCIN, MUC-1, MULTIDRUG RESISTANCE
PROTEIN 1 (MDR, MDR1), MULTIDRUG RESISTANCE
RELATED PROTEIN-1 (MRP, MRP-1), N-CADHERIN,
NEP, NEU, NEUTRAL ENDOPEPTIDASE, NEUTRO-
PHIL-ACTIVATING PEPTIDE 1 (NAP1), NM23-HI,
NM23-H2, NME1, NME2, NUCLEAR RECEPTOR COAC-
TIVATOR-1 (NCoA-1), NUCLEAR RECEPTOR COACTI-
VATOR-2 (NCoA-2), NUCLEAR RECEPTOR COACTI-
VATOR-3 (NCoA-3), NUCLEOSIDE DIPHOSPHATE
KINASE A (NDPKA), NUCLEOSIDE DIPHOSPHATE
KINASE B (NDPKB), ONCOSTATIN M (OSM), ORNI-
THINE DECARBOXYLASE (ODC), OSTEOCLAST DIF-
FERENTIATION FACTOR (ODF), OSTEOCLAST DIF-
FERENTIATION FACTOR RECEPTOR (ODFR),
OSTEONECTIN (OSN, ON), OSTEOPONTIN (OPN),
OXYTOCIN RECEPTOR (OXTR), p27/kipl, p300/CBP
COINTEGRATOR ASSOCIATE PROTEIN (p/CIP), p53,
pOKa, PAI-1, PAI-2, PARATHYROID ADENOMATOSIS 1
(PRAD1), PARATHYROID HORMONE-LIKE HOR-
MONE (PTHLH), PARATHYROID HORMONE-RE-
LATED PEPTIDE (PTHrP), P-CADHERIN, PD-ECGF,
PDGF, PEANUT-REACTIVE URINARY MUCIN (PUM),
P-GLYCOPROTEIN (P-GP), PGP-1, PHGS-2, PHS-2, PIP,
PLAKOGLOBIN, PLASMINOGEN ACTIVATOR INHIBI-
TOR (TYPE 1), PLASMINOGEN ACTIVATOR INHIBI-
TOR (TYPE 2), PLASMINOGEN ACTIVATOR (TISSUE-
TYPE). PLASMINOGEN ACTIVATOR (UROKINASE-
TYPE), PLATELET GLYCOPROTEIN Illa (GP3A), PLAU,
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PLEOMORPHIC ADENOMA GENE-LIKE 1 (PLAGLI),
POLYMORPHIC EPITHELIAL MUCIN (PEM), PRADI,
PROGESTERONE RECEPTOR (PgR), PROGESTERONE
RESISTANCE, PROSTAGLANDIN ENDOPEROXIDE
SYNTHASE-2, PROSTAGLANDIN G/H SYNTHASE-2,
PROSTAGLANDIN H SYNTHASE-2, pS2, PS6K, PSO-
RIASIN, PTHLH, PTHrP, RAD51, RADS2, RADS54,
RAP46, RECEPTOR-ASSOCIATED COACTIVATOR 3
(RAC3), REPRESSOR OF ESTROGEN RECEPTOR
ACTIVITY (REA), S100A4, S100A6, SI00A7, S6K, SART-
1, SCAFFOLD ATTACHMENT FACTOR B (SAF-B),
SCATTER FACTOR(SF), SECRETED PHOSPHOPRO-
TEIN-1 (SPP-1), SECRETED PROTEIN, ACIDIC AND
RICH IN CYSTEINE (SPARC), STANNICALCIN, STE-
ROID RECEPTOR COACTIVATOR-1 (SRC-1), STEROID
RECEPTOR COACTIVATOR-2 (SRC-2), STEROID
RECEPTOR COACTIVATOR-3 (SRC-3), STEROID
RECEPTOR RNA ACTIVATOR (SRA), STROMELYSIN-1,
STROMELYSIN-3, TENASCIN-C (TN-C), TESTES-SPE-
CIFIC PROTEASE 50, THROMBOSPONDIN I, THROM-
BOSPONDIN II, THYMIDINE PHOSPHORYLASE (TP),
THYROID HORMONE RECEPTOR ACTIVATOR MOL-
ECULE 1 (TRAM-1), TIGHT JUNCTION PROTEIN 1
(TJP1), TIMP1, TIMP2, TIMP3, TIMP4, TISSUE-TYPE
PLASMINOGEN ACTIVATOR, TN-C, TP53, tPA, TRAN-
SCRIPTIONAL INTERMEDIARY FACTOR 2 (TIF2),
TREFOIL FACTOR 1 (TFF1), TSG101, TSP-1, TSP1, TSP-
2, TSP2, TSP50, TUMOR CELL COLLAGENASE STIMU-
LATING FACTOR (TCSF), TUMOR-ASSOCIATED EPI-
THELIAL MUCIN, uPA, uPAR, UROKINASE,
UROKINASE-TYPE PLASMINOGEN ACTIVATOR,
UROKINASE-TYPE PLASMINOGEN  ACTIVATOR
RECEPTOR (uPAR), UVOMORULIN, VASCULAR
ENDOTHELIAL GROWTH FACTOR, VASCULAR
ENDOTHELIAL. GROWTH FACTOR RECEPTOR-2
(VEGFR2), VASCULAR ENDOTHELIAL GROWTH FAC-
TOR-A, VASCULAR PERMEABILITY FACTOR,
VEGFR2, VERY LATE T-CELL ANTIGEN BETA (VLA-
BETA), VIMENTIN, VITRONECTIN RECEPTOR ALPHA
POLYPEPTIDE (VNRA), VITRONECTIN RECEPTOR,
VON WILLEBRAND FACTOR, VPF, VWF, WNT-1, ZAC,
7Z0-1, and ZONULA OCCLUDENS-1.

The gene products used for IHC expression profiling
include without limitation one or more of SPARC, PGP, Her2/
neu, ER, PR, c-kit, AR, CD52, PDGFR, TOP2A, TS, ERCC]1,
RRM1, BCRP, TOPO1, PTEN, MGMT, and MRP1. IHC
profiling of EGFR can also be performed. IHC is also used to
detect or test for various gene products, including without
limitation one or more of the following: EGFR, SPARC,
C-kit, ER, PR, Androgen receptor, PGP, RRM1, TOPO1,
BRCP1, MRP1, MGMT, PDGFR, DCK, ERCC1, Thymidy-
late synthase, Her2/neu, or TOPO2A. In some embodiments,
THC is used to detect on or more of the following proteins,
including without limitation: ADA, AR, ASNA, BCL2,
BRCA2, CD33, CDW52, CES2, DNMT1, EGFR, ERBB2,
ERCC3, ESR1, FOLR2, GART, GSTP1, HDACI, HIF1A,
HSPCA, IL2RA, KIT, MLH1, MS4A1, MASH2, NFKB2,
NFKBIA, OGFR, PDGFC, PDGFRA, PDGFRB, PGR,
POLA, PTEN, PTGS2, RAF1, RARA, RXRB, SPARC,
SSTR1, TKI1, TNF, TOP1, TOP2A, TOP2B, TXNRDI,
TYMS, VDR, VEGF, VHL, or ZAP70.

Microarray expression profiling can be used to simulta-
neously measure the expression of one or more genes or gene
products, including without limitation ABCC1, ABCG2,
ADA, AR, ASNS, BCL2, BIRC5, BRCA1, BRCA2, CD33,
CDS52, CDA, CES2, DCK, DHFR, DNMT1, DNMT3A,
DNMT3B, ECGF1, EGFR, EPHA2, ERBB2, ERCCI,
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ERCC3, ESRI1, FLT1, FOLR2, FYN, GART, GNRHI,
GSTP1, HCK, HDACI1, HIF1A, HSP90AAIl, IL2RA,
HSP90AA1, KDR, KIT, LCK, LYN, MGMT, MLHI,
MS4A1, MSH2, NFKB1, NFKB2, OGFR, PDGFC, PDG-
FRA, PDGFRB, PGR, POLA1, PTEN, PTGS2, RAFI1,
RARA, RRM1, RRM2, RRM2B, RXRB, RXRG, SPARC,
SRC, SSTR1, SSTR2, SSTR3, SSTR4, SSTRS, TK1, TNF,
TOP1, TOP2A, TOP2B, TXNRD1, TYMS, VDR, VEGFA,
VHL, YES1, and ZAP70. In some embodiments, the genes
used for the microarray expression profiling comprise one or
more of: EGFR, SPARC, C-kit, ER, PR, Androgen receptor,
PGP, RRM1, TOPO1, BRCP1, MRP1, MGMT, PDGFR,
DCK, ERCC1, Thymidylate synthase, Her2/neu, TOPO2A,
ADA, AR, ASNA, BCL2, BRCA2, CD33, CDW52, CES2,
DNMT1, EGFR, ERBB2, ERCC3, ESR1, FOLR2, GART,
GSTP1, HDACI, HIF1A, HSPCA, IL2RA, KIT, MLHI1,
MS4A1, MASH2, NFKB2, NFKBIA, OGFR, PDGFC,
PDGFRA, PDGFRB, PGR, POLA, PTEN, PTGS2, RAF1,
RARA, RXRB, SPARC, SSTR1, TK1, TNF, TOP1, TOP2A,
TOP2B, TXNRD1, TYMS, VDR, VEGF, VHL, or ZAP70.
The microarray expression profiling can be performed using
a low density microarray, an expression microarray, a com-
parative genomic hybridization (CGH) microarray, a single
nucleotide polymorphism (SNP) microarray, a proteomic
array an antibody array, or other array as disclosed herein or
known to those of skill in the art. In some embodiments, high
throughput expression arrays are used. Such systems include
without limitation commercially available systems from Agi-
lent or Illumina, as described in more detail herein.

FISH mutation profiling can be used to profile one or more
of EGFR and HER2. In some embodiments, FISH is used to
detect or test for one or more of the following genes, includ-
ing, but not limited to: EGFR, SPARC, C-kit, ER, PR, Andro-
gen receptor, PGP, RRM1, TOPO1, BRCP1, MRP1, MGMT,
PDGFR, DCK, ERCC1, Thymidylate synthase, HER2, or
TOPO2A. In some embodiments, FISH is used to detect or
test various biomarkers, including without limitation one or
more of the following: ADA, AR, ASNA, BCL2, BRCA2,
CD33, CDW52, CES2, DNMT1, EGFR, ERBB2, ERCC3,
ESR1, FOLR2, GART, GSTP1, HDACI, HIF1A, HSPCA,
IL2RA, KIT, MLH1, MS4A1, MASH2, NFKB2, NFKBIA,
OGFR, PDGFC, PDGFRA, PDGFRB, PGR, POLA, PTEN,
PTGS2, RAF1, RARA, RXRB, SPARC, SSTR1, TK1, TNF,
TOP1, TOP2A, TOP2B, TXNRDI1, TYMS, VDR, VEGF,
VHL, or ZAP70.

In some embodiments, the genes used for the sequencing
mutation profiling comprise one or more of KRAS, BRAF,
¢-KIT and EGFR. Sequencing analysis can also comprise
assessing mutations in one or more ABCC1, ABCG2, ADA,
AR, ASNS, BCL2, BIRCS, BRCA1, BRCA2, CD33, CD52,
CDA, CES2, DCK, DHFR, DNMT1, DNMT3A, DNMT3B,
ECGF1, EGFR, EPHA2, ERBB2, ERCC1, ERCC3, ESR1,
FLT1, FOLR2, FYN, GART, GNRH1, GSTP1, HCK,
HDACI1, HIF1A, HSP90AA1, IL2RA, HSP90AA1, KDR,
KIT, LCK, LYN, MGMT, MLH1, MS4A1, MSH2, NFKB1,
NFKB2, OGFR, PDGFC, PDGFRA, PDGFRB, PGR,
POLA1, PTEN, PTGS2, RAF1, RARA, RRM1, RRM2,
RRM2B, RXRB, RXRG, SPARC, SRC, SSTR1, SSTR2,
SSTR3, SSTR4, SSTRS, TK1, TNF, TOP1, TOP2A, TOP2B,
TXNRDI, TYMS, VDR, VEGFA, VHL, YES1, and ZAP70.

In a related aspect, the invention provides a method of
identifying a candidate treatment for a subject in need thereof
by using molecular profiling of sets of known biomarkers. For
example, the method can identity a chemotherpeutic agent for
an individual with a cancer. The method comprises: obtaining
a sample from the subject; performing an immunohistochem-
istry (IHC) analysis on the sample to determine an IHC
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expression profile on at least five of: SPARC, PGP, Her2/neu,
ER, PR, c-kit, AR, CD52, PDGFR, TOP2A, TS, ERCCI1,
RRM1, BCRP, TOPO1,PTEN, MGMT, and MRP1; perform-
ing a microarray analysis on the sample to determine a
microarray expression profile on at least five of ABCCI,
ABCG2,ADA, AR, ASNS, BCL2,BIRC5,BRCA1,BRCA2,
CD33, CDS52, CDA, CES2, DCK, DHFR, DNMTI,
DNMT3A, DNMT3B, ECGF1, EGFR, EPHA2, ERBB2,
ERCCI1, ERCC3, ESRI, FLTI, FOLR2, FYN, GART,
GNRHI1, GSTP1, HCK, HDACI1, HIF1A, HSP90AAI,
IL2RA, HSP90AA1, KDR, KIT, LCK, LYN, MGMT,
MLHI, MS4A1, MSH2, NFKB1, NFKB2, OGFR, PDGFC,
PDGFRA, PDGFRB, PGR, POLA1, PTEN, PTGS2, RAF1,
RARA, RRMI, RRM2, RRM2B, RXRB, RXRG, SPARC,
SRC, SSTR1, SSTR2, SSTR3, SSTR4, SSTRS, TK1, TNF,
TOP1, TOP2A, TOP2B, TXNRDI1, TYMS, VDR, VEGFA,
VHL, YES1, and ZAP70; performing a fluorescent in-situ
hybridization (FISH) analysis on the sample to determine a
FISH mutation profile on at least one of EGFR and HER2;
performing DNA sequencing on the sample to determine a
sequencing mutation profile on at least one of KRAS, BRAF,
¢-KIT and EGFR; and comparing the IHC expression profile,
microarray expression profile, FISH mutation profile and
sequencing mutation profile against a rules database, wherein
the rules database comprises a mapping of treatments whose
biological activity is known against diseased cells that: 1)
overexpress or underexpress one or more proteins included in
the THC expression profile; ii) overexpress or underexpress
one or more genes included in the microarray expression
profile; iii) have zero or more mutations in one or more genes
included in the FISH mutation profile; and/or iv) have zero or
more mutations in one or more genes included in the sequenc-
ing mutation profile; and identifying the treatment if the com-
parison against the rules database indicates that the treatment
should have biological activity against the disease; and the
comparison against the rules database does not contraindicate
the treatment for treating the disease. The disease can be a
cancer. The molecular profiling steps can be performed in any
order. In some embodiments, not all of the molecular profil-
ing steps are performed. As a non-limiting example, microar-
ray analysis is not performed if the sample quality does not
meet a threshold value, as described herein. In some embodi-
ments, the IHC expression profiling is performed on at least
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95% of the
gene products above. In some embodiments, the microarray
expression profiling is performed on at least 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, or 95% of the genes listed above.

In a related aspect, the invention provides a method of
identifying a candidate treatment for a subject in need thereof
by using molecular profiling of defined sets of known biom-
arkers. For example, the method can identify a chemother-
peutic agent for an individual with a cancer. The method
comprises: obtaining a sample from the subject, wherein the
sample comprises formalin-fixed paraffin-embedded (FFPE)
tissue or fresh frozen tissue, and wherein the sample com-
prises cancer cells; performing an immunohistochemistry
(IHC) analysis on the sample to determine an IHC expression
profile onatleast: SPARC, PGP, Her2/neu, ER, PR, c-kit, AR,
CDS52, PDGFR, TOP2A, TS, ERCC1, RRMI1, BCRP,
TOPOL1, PTEN, MGMT, and MRP1; performing a microar-
ray analysis on the sample to determine a microarray expres-
sion profile on at least: ABCC1, ABCG2, ADA, AR, ASNS,
BCL2,BIRCS,BRCAI1,BRCA2, CD33,CD52,CDA, CES2,
DCK, DHFR, DNMTI1, DNMT3A, DNMT3B, ECGF1,
EGFR, EPHA2, ERBB2, ERCC1, ERCC3, ESRI, FLT1,
FOLR2, FYN, GART, GNRHI1, GSTP1, HCK, HDACI,
HIF1A, HSPO90AA1, IL2RA, HSP90AA1, KDR, KIT, LCK,
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LYN, MGMT, MLH1, MS4A1, MSH2, NFKB1, NFKB2,
OGFR, PDGFC, PDGFRA, PDGFRB, PGR, POLA1, PTEN,
PTGS2, RAF1, RARA, RRM1, RRM2, RRM2B, RXRB,
RXRG, SPARC, SRC, SSTR1, SSTR2, SSTR3, SSTRA4,
SSTRS5, TK1, TNF, TOP1, TOP2A, TOP2B, TXNRDI,
TYMS, VDR, VEGFA, VHL, YES 1, and ZAP70; performing
a fluorescent in-situ hybridization (FISH) analysis on the
sample to determine a FISH mutation profile on at least EGFR
and HER2; performing DNA sequencing on the sample to
determine a sequencing mutation profile on at least KRAS,
BRAF, ¢-KIT and EGFR. The IHC expression profile,
microarray expression profile, FISH mutation profile and
sequencing mutation profile are compared against a rules
database, wherein the rules database comprises a mapping of
treatments whose biological activity is known against dis-
eased cells that: 1) overexpress or underexpress one or more
proteins included in the IHC expression profile; ii) overex-
press or underexpress one or more genes included in the
microarray expression profile; iii) have zero or more muta-
tions in one or more genes included in the FISH mutation
profile; or iv) have zero or more mutations in one or more
genes included in the sequencing mutation profile; and iden-
tifying the treatment if the comparison against the rules data-
base indicates that the treatment should have biological activ-
ity against the disease; and the comparison against the rules
database does not contraindicate the treatment for treating the
disease. The disease can be a cancer. The molecular profiling
steps can be performed in any order. In some embodiments,
not all of the molecular profiling steps are performed. As a
non-limiting example, microarray analysis is not performed if
the sample quality does not meet a threshold value, as
described herein. In some embodiments, the biological mate-
rial is mRNA and the quality control test comprises a A260/
A280 ratio and/or a Ct value of RT-PCR using a housekeeping
gene, e.g., RPL.13a. In embodiments, the mRNA does not
pass the quality control test if the A260/A280 ratio <1.5 orthe
RPL13aCtvalueis >30. Inthat case, microarray analysis may
not be performed. Alternately, microarray results may be
attenuated, e.g., given a lower priority as compared to the
results of other molecular profiling techniques.

In some embodiments, molecular profiling is always per-
formed on certain genes or gene products, whereas the pro-
filing of other genes or gene products is optional. For
example, IHC expression profiling may be performed on at
least SPARC, TOP2A and/or PTEN. Similarly, microarray
expression profiling may be performed on at least CD52. In
other embodiments, genes in addition to those listed above
are used to identify a treatment. For example, the group of
genes used for the IHC expression profiling can further com-
prise DCK, EGFR, BRCA1, CK 14, CK 17, CK 5/6, E-Cad-
herin, p95, PARP-1, SPARC and TLE3. In some embodi-
ments, the group of genes used for the IHC expression
profiling further comprises Cox-2 and/or Ki-67. In some
embodiments, HSPCA is assayed by microarray analysis. In
some embodiments, FISH mutation is performed on c-Myc
and TOP2A. In some embodiments, sequencing is performed
on PI3K.

The methods of the invention can be used in any setting
wherein differential expression or mutation analysis have
been linked to efficacy of various treatments. In some
embodiments, the methods are used to identify candidate
treatments for a subject having a cancer. Under these condi-
tions, the sample used for molecular profiling preferably
comprises cancer cells. The percentage of cancer in a sample
can be determined by methods known to those of skill in the
art, e.g., using pathology techniques. Cancer cells can also be
enriched from a sample, e.g., using microdissection tech-
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niques or the like. A sample may be required to have a certain
threshold of cancer cells before it is used for molecular pro-
filing. The threshold can be at least about 5, 10, 20, 30, 40, 50,
60, 70, 80, 90 or 95% cancer cells. The threshold can depend
on the analysis method. For example, a technique that reveals
expression in individual cells may require a lower threshold
that a technique that used a sample extracted from a mixture
of different cells. In some embodiments, the diseased sample
is compared to a normal sample taken from the same patient,
e.g., adjacent but non-cancer tissue.

Treatment Selection

The systems and methods invention can be used to select
any treatment whose projected efficacy can be linked to
molecular profiling results. The invention comprises use of
molecular profiling results to suggest associations with treat-
ment responses. In an embodiment, the appropriate biomar-
kers for molecular profiling are selected on the basis of the
subjects’s tumor type. These suggested biomarkers can be
used to modify a default list of biomarkers. In other embodi-
ments, the molecular profiling is independent of the source
material. In some embodiments, rules are used to provide the
suggested chemotherapy treatments based on the molecular
profiling test results. In an embodiment, the rules are gener-
ated from abstracts of the peer reviewed clinical oncology
literature. Expert opinion rules can be used but are optional.
In an embodiment, clinical citations are assessed for their
relevance to the methods of the invention using a hierarchy
derived from the evidence grading system used by the United
States Preventive Services Taskforce. The “best evidence”
can be used as the basis for a rule. The simplest rules are
constructed in the format of ““if biomarker positive then treat-
ment option one, else treatment option two.” Treatment
options comprise no treatment with a specific drug, treatment
with a specific drug or treatment with a combination of drugs.
In some embodiments, more complex rules are constructed
that involve the interaction of two or more biomarkers. In
such cases, the more complex interactions are typically sup-
ported by clinical studies that analyze the interaction between
the biomarkers included in the rule. Finally, a report can be
generated that describes the association of the chemotherapy
response and the biomarker and a summary statement of the
best evidence supporting the treatments selected. Ultimately,
the treating physician will decide on the best course of treat-
ment.

As a non-limiting example, molecular profiling might
reveal that the EGFR gene is amplified or overexpressed, thus
indicating selection of a treatment that can block EGFR activ-
ity, such as the monoclonal antibody inhibitors cetuximab and
panitumumab, or small molecule kinase inhibitors effective
in patients with activating mutations in EGFR such as gefi-
tinib, erlotinib, and lapatinib. Other anti-EGFR monoclonal
antibodies in clinical development include zalutumumab,
nimotuzumab, and matuzumab. The candidate treatment
selected can depend on the setting revealed by molecular
profiling. E.g., kinase inhibitors are often prescribed with
EGFR is found to have activating mutations. Continuing with
the exemplary embodiment, molecular profiling may also
reveal that some or all of these treatments are likely to be less
effective. For example, patients taking gefitinib or erlotinib
eventually develop drug resistance mutations in EGFR.
Accordingly, the presence of a drug resistance mutation
would contraindicate selection of the small molecule kinase
inhibitors. One of skill will appreciate that this example can
be expanded to guide the selection of other candidate treat-
ments that act against genes or gene products whose differ-
ential expression is revealed by molecular profiling. Simi-
larly, candidate agents known to be effective against diseased
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cells carrying certain nucleic acid variants can be selected if
molecular profiling reveals such variants.

Cancer therapies that can be identified as candidate treat-
ments by the methods of the invention include without limi-
tation: 13-cis-Retinoic Acid, 2-CdA, 2-Chlorodeoxyadenos-
ine, 5-Azacitidine, 5-Fluorouracil, 5-FU, 6-Mercaptopurine,
6-MP, 6-TG, 6-Thioguanine, Abraxane, Accutane®, Actino-
mycin-D, Adriamycin®, Adrucil®, Afinitor®, Agrylin®,
Ala-Cort®, Aldesleukin, Alemtuzumab, ALIMTA, Aliterti-
noin, Alkaban-AQ®, Alkeran®, All-transretinoic Acid,
Alpha Interferon, Altretamine, Amethopterin, Amifostine,
Aminoglutethimide, Anagrelide, Anandron®, Anastrozole,
Arabinosylcytosine, Ara-C, Aranesp®, Aredia®, Arimi-
dex®, Aromasin®, Arranon®, Arsenic Trioxide, Asparagi-
nase, ATRA, Avastin®, Azacitidine, BCG, BCNU, Benda-
mustine, Bevacizumab, Bexarotene, BEXXAR®,
Bicalutamide, BiCNU, Blenoxane®, Bleomycin, Bort-
ezomib, Busulfan, Busulfex®, C225, Calcium Leucovorin,
Campath®, Camptosar®, Camptothecin-11, Capecitabine,
Carac™, Carboplatin, Carmustine, Carmustine Wafer, Caso-
dex®, CC-5013, CCI-779, CCNU, CDDP, CeeNU, Cerubi-
dine®, Cetuximab, Chlorambucil, Cisplatin, Citrovorum
Factor, Cladribine, Cortisone, Cosmegen®, CPT-11, Cyclo-
phosphamide, Cytadren®, Cytarabine, Cytarabine Liposo-
mal, Cytosar-U®, Cytoxan®, Dacarbazine, Dacogen, Dacti-
nomycin, Darbepoetin Alfa, Dasatinib, Daunomycin
Daunorubicin, Daunorubicin Hydrochloride, Daunorubicin
Liposomal, DaunoXome®, Decadron, Decitabine, Delta-
Cortef®, Deltasone®, Denileukin, Diftitox,
DepoCyt™Dexamethasone, Dexamethasone Acetate Dex-
amethasone Sodium Phosphate, Dexasone, Dexrazoxane,
DHAD, DIC, Diodex Docetaxel, Doxorubicin, Doxorubicin
Liposomal, Droxia™, DTIC, DTIC-Dome®, Duralone®,
Efudex®, Eligard™, Ellence™, Floxatin™, Elspar®,
Emcyt®, Epirubicin, Epoetin Alfa, Erbitux, Erlotinib,
Erwinia L-asparaginase, Estramustine, Ethyol Etopophos®,
Etoposide, Etoposide Phosphate, Eulexin®, Everolimus,
Evista®, Exemestane, Fareston®, Faslodex®, Femara®,
Filgrastim, Floxuridine, Fludara®, Fludarabine, Fluo-
roplex®, Fluorouracil, Fluorouracil (cream), Fluoxymester-
one, Flutamide, Folinic Acid, FUDR®, Fulvestrant, G-CSF,
Gefitinib, Gemcitabine, Gemtuzumab ozogamicin, Gemzar,
Gleevec™, Gliadel® Wafer, GM-CSF, Goserelin, Granulo-
cyte-Colony Stimulating Factor, Granulocyte Macrophage
Colony Stimulating Factor, Halotestin®, Herceptin®, Hexa-
drol, Hexylen®, Hexamethylmelamine, HMM, Hycamtin®,
Hydrea®, Hydrocort Acetate®, Hydrocortisone, Hydrocorti-
sone Sodium Phosphate, Hydrocortisone Sodium Succinate,
Hydrocortone Phosphate, Hydroxyurea, Ibrittmomab, Ibri-
tumomab, Tiuxetan, I[damycin®, Idarubicin, I[fex®, IFN-al-
pha, Ifosfamide, IL.-11, IL.-2, Imatinib mesylate, Imidazole
Carboxamide, Interferon alfa, Interferon Alfa-2b (PEG Con-
jugate), Interleukin-2, Interleukin-11, Intron (interferon alfa-
2b), Iressa®, Irinotecan, Isotretinoin, Ixabepilone, Ixem-
pra™ Kidrolase (t), Lanacort®, Lapatinib, L-asparaginase,
LCR, Lenalidomide, Letrozole, Leucovorin, Leukeran, Leu-
kine™, Leuprolide, Leurocristine, Leustatin™, Liposomal
Ara-C Liquid Pred®, Lomustine, L-PAM, L-Sarcolysin,
Lupron®, Lupron Depot®, Matulane®, Maxidex, Mechlore-
thamine, Mechlorethamine Hydrochloride, Medralone®,
Medrol®, Megace®, Megestrol, Megestrol Acetate, Mel-
phalan, Mercaptopurine, Mesna, Mesnex™, Methotrexate,
Methotrexate Sodium, Methylprednisolone, Meticorten®,
Mitomycin, Mitomycin-C, Mitoxantrone, M-Prednisol®,
MTC, MTX, Mustargen®, Mustine, Mutamycin®, Myle-
ran®, Mylocel™, Mylotarg®, Navelbine®, Nelarabine,
Neosar®, Neulasta™, Neumega®, Neupogen®, Nexavar®,
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Nilandron®, Nilutamide, Nipent®, Nitrogen Mustard, Nov-
aldex®, Novantrone®, Octreotide, Octreotide acetate,
Oncospar®, Oncovin®, Ontak®, Onxal™, Oprevelkin, Ora-
pred®, Orasone®, Oxaliplatin, Paclitaxel, Paclitaxel Protein-
bound, Pamidronate, Panitumumab, Panretin®, Paraplatin®,
Pediapred®, PEG Interferon, Pegaspargase, Pegfilgrastim,
PEG-INTRONT™, PEG-L-asparaginase, PEMETREXED,
Pentostatin, Phenylalanine Mustard, Platinol®, Platinol-
AQ®, Prednisolone, Prednisone, Prelone®, Procarbazine,
PROCRIT®, Proleukin®, Prolifeprospan 20 with Carmus-
tine Implant, Purinethol®, Raloxifene, Revlimid®, Rheu-
matrex®, Rituxan®, Rituximab, Roferon-A® (Interferon
Alfa-2a), Rubex®, Rubidomycin hydrochloride, Sandosta-
tin®, Sandostatin LAR®, Sargramostim, Solu-Cortef®,
Solu-Medrol®, Sorafenib, SPRYCEL™, STI-571, Strepto-
zocin, SU11248, Sunitinib, Sutent®, Tamoxifen, Tarceva®,
Targretin®, Taxol®, Taxotere®, Temodar®, Temozolomide,
Temsirolimus, Teniposide, TESPA, Thalidomide, Thalo-
mid®, TheraCys®, Thioguanine, Thioguanine Tabloid®,
Thiophosphoamide,  Thioplex®, Thiotepa, TICE®,
Toposar®, Topotecan, Toremifene, Torisel®, Tositumomab,
Trastuzumab, Treanda®, Tretinoin, Trexall™, Trisenox®,
TSPA, TYKERB®, VCR, Vectibix™, Velban®, Velcade®,
VePesid®, Vesanoid®, Viadur™, Vidaza®, Vinblastine, Vin-
blastine Sulfate, Vincasar Pfs®, Vincristine, Vinorelbine,
Vinorelbine tartrate, VLB, VM-26, Vorinostat, VP-16,
Vumon®, Xeloda®, Zanosar®, Zevalin™, Zinecard®, Zola-
dex®, Zoledronic acid, Zolinza, Zometa®, and combinations
of any thereof.

In some embodiments, a database is created that maps
treatments and molecular profiling results. The treatment
information can include the projected efficacy of a therapeu-
tic agent against cells having certain attributes that can be
measured by molecular profiling. The molecular profiling can
include differential expression or mutations in certain genes,
proteins, or other biological molecules of interest. Through
the mapping, the results of the molecular profiling can be
compared against the database to select treatments. The data-
base can include both positive and negative mappings
between treatments and molecular profiling results. In some
embodiments, the mapping is created by reviewing the litera-
ture for links between biological agents and therapeutic
agents. For example, a journal article, patent publication or
patent application publication, scientific presentation, etc can
be reviewed for potential mappings. The mapping caninclude
results of in vivo, e.g., animal studies or clinical trials, or in
vitro experiments, e.g., cell culture. Any mappings that are
found can be entered into the database, e.g., cytotoxic effects
of a therapeutic agent against cells expressing a gene or
protein. In this manner, the database can be continuously
updated. It will be appreciated that the methods of the inven-
tion are updated as well.

The rules for the mappings can contain a variety of supple-
mental information. In some embodiments, the database con-
tains prioritization criteria. For example, a treatment with
more projected efficacy in a given setting can be preferred
over a treatment projected to have lesser efficacy. A mapping
derived from a certain setting, e.g., a clinical trial, may be
prioritized over a mapping derived from another setting, e.g.,
cell culture experiments. A treatment with strong literature
support may be prioritized over a treatment supported by
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more preliminary results. A treatment generally applied to the
type of disease in question, e.g., cancer of a certain tissue
origin, may be prioritized over a treatment that is not indi-
cated for that particular disease. Mappings can include both
positive and negative correlations between a treatment and a
molecular profiling result. In a non-limiting example, one
mapping might suggest use of a kinase inhibior like erlotinib
against a tumor having an activating mutation in EGFR,
whereas another mapping might suggest against that treat-
ment if the EGFR also has a drug resistance mutation. Simi-
larly, a treatment might be indicated as effective in cells that
overexpress a certain gene or protein but indicated as not
effective if the gene or protein is underexpressed.

The selection of a candidate treatment for an individual can
be based on molecular profiling results from any one or more
of'the methods described. Alternatively, selection of a candi-
date treatment for an individual can be based on molecular
profiling results from more than one of the methods
described. For example, selection of treatment for an indi-
vidual can be based on molecular profiling results from FISH
alone, IHC alone, or microarray analysis alone. In other
embodiments, selection of treatment for an individual can be
based on molecular profiling results from THC, FISH, and
microarray analysis; IHC and FISH; IHC and microarray
analysis, or FISH and microarray analysis. Selection of treat-
ment for an individual can also be based on molecular profil-
ing results from sequencing or other methods of mutation
detection. Molecular profiling results may include mutation
analysis along with one or more methods, such as IHC, immu-
noassay, and/or microarray analysis. Different combinations
and sequential results can be used. For example, treatment
can be prioritized according the results obtained by molecular
profiling. In an embodiment, the prioritization is based on the
following algorithm: 1) IHC/FISH and microarray indicates
same target as a first priority; 2) IHC positive result alone next
priority; or 3) microarray positive result alone as last priority.
Sequencing can also be used to guide selection. In some
embodiments, sequencing reveals a drug resistance mutation
so that the effected drug is not selected even if techniques
including THC, microarray and/or FISH indicate differntial
expression of the target molecule. Any such contraindication,
e.g., differential expression or mutation of another gene or
gene product may override selection of a treatment.

An exemplary listing of microarray expression results ver-
sus predicted treatments is presented in Table 1. Molecular
profiling is performed to determine whether a gene or gene
product is differentially expressed in a sample as compared to
a control. The control can be any appropriate control for the
setting, including without limitation the expression level of a
control gene such as a housekeeping gene, the expression of
the same gene in healthy tissue from the same or other indi-
viduals, a statistical measure, a level of detection, etc. One of
skill will appreciate that the results of any applicable molecu-
lar profiling techinque, e.g., microarray analysis PCR,
Q-PCR, RT-PCR, immunoassay, SAGE, IHC, FISH or
sequencing, can be used to determine expression status. The
expression status of the gene or gene product is used to select
agents that are predicted to be efficacious or not. For example,
Table 1 shows that overexpression of the ADA gene or protein
points to pentostatin as a possible treatment. On the other
hand, underexpression of the ADA gene or protein implicates
resistance to cytarabine, suggesting that cytarabine is not an
optimal treatment.
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Molecular Profiling Results and Predicted Treatment:

Gene Name Expression Status Possible Agent(s) Possible Resistance
ADA Overexpressed pentostatin
ADA Underexpressed cytarabine
AR Overexpressed abarelix, bicalutamide,
flutamide, gonadorelin,
goserelin, leuprolide
ASNS Underexpressed  asparaginase,
pegaspargase
BCRP (ABCG2) Overexpressed cisplatin, carboplatin,
irinotecan, topotecan
BRCA1 Underexpressed  mitomycin
BRCA2 Underexpressed  mitomycin
CD52 Overexpressed alemtuzumab
CDA Overexpressed cytarabine
CES2 Overexpressed irinotecan
c-kit Overexpressed sorafenib, sunitinib,
imatinib
COX-2 Overexpressed celecoxib
DCK Overexpressed gemcitabine cytarabine
DHFR Underexpressed  methotrexate,
pemetrexed
DHFR Overexpressed methotrexate
DNMT1 Overexpressed azacitidine, decitabine
DNMT3A Overexpressed azacitidine, decitabine
DNMT3B Overexpressed azacitidine, decitabine
EGFR Overexpressed erlotinib, gefitinib,
cetuximab, panitumumab
EPHA2 Overexpressed dasatinib
ER Overexpressed anastrazole, exemestane,
fulvestrant, letrozole,
megestrol, tamoxifen,
medroxyprogesterone,
toremifene,
aminoglutethimide
ERCC1 Overexpressed carboplatin, cisplatin
GART Underexpressed  pemetrexed
HER-2 (ERBB2) Overexpressed trastuzumab, lapatinib
HIF-1a Overexpressed sorafenib, sunitinib,
bevacizumab
IkB-a Overexpressed bortezomib
MGMT Underexpressed  temozolomide
MGMT Overexpressed temozolomide
MRP1 (ABCC1) Overexpressed etoposide, paclitaxel,
docetaxel, vinblastine,
vinorelbine, topotecan,
teniposide
P-gp (ABCBI1) Overexpressed doxorubicin, etoposide,
epirubicin, paclitaxel,
docetaxel, vinblastine,
vinorelbine, topotecan,
teniposide, liposomal
doxorubicin
PDGFR-a Overexpressed sorafenib, sunitinib,
imatinib
PDGFR-B Overexpressed sorafenib, sunitinib,
imatinib
PR Overexpressed exemestane, fulvestrant,
gonadorelin, goserelin,
medroxyprogesterone,
megestrol, tamoxifen,
toremifene
RARA Overexpressed ATRA
RRM1 Underexpressed ~ gemcitabine,
hydroxyurea
RRM2 Underexpressed ~ gemcitabine,
hydroxyurea
RRM2B Underexpressed ~ gemcitabine,
hydroxyurea
RXR-a Overexpressed bexarotene
RXR-B Overexpressed bexarotene
SPARC Overexpressed nab-paclitaxel
SRC Overexpressed dasatinib
SSTR2 Overexpressed octreotide
SSTRS Overexpressed octreotide
TOPO1I Overexpressed irinotecan, topotecan
TOPO Il Overexpressed doxorubicin, epirubicin,

liposomal-doxorubicin

56
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TABLE 1-continued
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Molecular Profiling Results and Predicted Treatment:

Gene Name Expression Status Possible Agent(s) Possible Resistance
TOPO IIp Overexpressed doxorubicin, epirubicin,
liposomal-doxorubicin
TS Underexpressed  capecitabine, 5-
fluorouracil, pemetrexed
TS Overexpressed capecitabine, 5-
fluorouracil
VDR Overexpressed calcitriol, cholecalciferol
VEGFRI (Fltl)  Overexpressed sorafenib, sunitinib,
bevacizumab
VEGFR2 Overexpressed sorafenib, sunitinib,
bevacizumab
VHL Underexpressed  sorafenib, sunitinib

Table 2 presents a more comprehensive rules summary for
treatment selection. For each biomarker in the table, an assay
type and assay results are shown. A summary of the efficacy
of various therapeutic agents given the assay results can be
derived from the medical literature or other medical knowl-
edge base. The results can be used to guide the selection of
certain therapeutic agents as recommended or not. In some
embodiments, the table is continuously updated as new lit-
erature reports and treatments become available. In this man-
ner, the molecular profiling of the invention will evolve and
improve over time. The rules in Table 2 can be stored in a
database. When molecular profiling results are obtained, e.g.,
differential expression or mutation of a gene or gene product,
the results can be compared against the database to guide
treatment selection. The set of rules in the database can be
updated as new treatments and new treatment data become
available. In some embodiments, the rules database is
updated continously. In some embodiments, the rules data-
base is updated on a periodic basis. The rules database can be
updated at least every 1 day, 2 days, 3 days, 4 days, 5 days, 6

30

days, 1 week, 10 days, 2 weeks, 3 weeks, 4 weeks, 1 month,
6 weeks, 2 months, 3 months, 4 months, 5 months, 6 months,
7 months, 8 months, 9 months, 10 months, 11 months, 12
months, 1 year, 18 months, 2 years, or at least every 3 years.
Any relevant correlative or comparative approach can be used
to compare the molecular profiling results to the rules data-
base. In one embodiment, a gene or gene product is identified
as differentially expressed by molecular profiling. The rules
database is queried to select entries for that gene or gene
product. Treatment selection information selected from the
rules database is extracted and used to select a treatment. The
information, e.g., to recommend or not recommend a particu-
lar treatment, can be dependent on whether the gene or gene
product is over or underexpressed. In some cases, multiple
rules and treatments may be pulled from the database depend-
ing on the results of the molecular profiling. In some embodi-
ments, the treatment options are prioritized in a list to present
to an end user. In some embodiments, the treatment options
are presented without prioritization information. In either
case, an individual, e.g., the treating physician or similar
caregiver, may choose from the available options.
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The methods described herein can be used to prolong sur-
vival of a subject by providing personalized treatment
options. In some embodiments, the subject has been previ-
ously treated with one or more therapeutic agents to treat the
disease, e.g., a cancer. The cancer may be refractory to one of
these agents, e.g., by acquiring drug resistance mutations. In
some embodiments, the cancer is metastatic. In some
embodiments, the subject has not previously been treated
with one or more therapeutic agents identified by the method.
Using molecular profiling, candidate treatments can be
selected regardless of the stage, anatomical location, or ana-
tomical origin of the cancer cells.

Progression-free survival (PFS) denotes the chances of
staying free of disease progression for an individual or a
group of individuals suffering from a disease, e.g., a cancer,
after initiating a course of treatment. It can refer to the per-
centage of individuals in a group whose disease is likely to
remain stable (e.g., not show signs of progression) after a
specified duration of time. Progression-free survival rates are
an indication of the effectiveness of a particular treatment.
Similarly, disease-free survival (DFS) denotes the chances of
staying free of disease after initiating a particular treatment
for an individual or a group of individuals suffering from a
cancer. It can refer to the percentage of individuals in a group
who are likely to be free of disease after a specified duration
of time. Disease-free survival rates are an indication of the
effectiveness of a particular treatment. Treatment strategies
can be compared on the basis of the PFS or DFS that is
achieved in similar groups of patients. Disease-free survival
is often used with the term overall survival when cancer
survival is described.

The candidate treatment selected by molecular profiling
according to the invention can be compared to a non-molecu-
lar profiling selected treatment by comparing the progression
free survival (PFS) using therapy selected by molecular pro-
filing (period B) with PFS for the most recent therapy on
which the patient has just progressed (period A). See FIG. 32.
In one setting, a PFS(B)/PFS(A) ratio =1.3 was used to indi-
cate that the molecular profiling selected therapy provides
benefit for patient (Robert Temple, Clinical measurement in
drug evaluation. Edited by Wu Ningano and G. T. Thicker
John Wiley and Sons [.td. 1995; Von Hoff D. D. Clin Can Res.
4: 1079, 1999: Dhani et al. Clin Cancer Res. 15: 118-123,
2009). Other methods of comparing the treatment selected by
molecular profiling to a non-molecular profiling selected
treatment include determining response rate (RECIST) and
percent of patients without progression or death at 4 months.
The term “about” as used in the context of a numerical value
for PFS means a variation of +/- ten percent (10%) relative to
the numerical value. The PFS from a treatment selected by
molecular profiling can be extended by at least 10%, 15%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, or at least 90% as
compared to a non-molecular profiling selected treatment. In
some embodiments, the PFS from a treatment selected by
molecular profiling can be extended by at least 100%, 150%,
200%, 300%, 400%, 500%, 600%, 700%, 800%, 900%, or at
least about 1000% as compared to a non-molecular profiling
selected treatment. In yet other embodiments, the PFS ratio
(PFS on molecular profiling selected therapy or new treat-
ment/PFS on prior therapy or treatment) is at least about 1.3.
In yet other embodiments, the PFS ratio is at least about 1.1,
1.2,1.3,14,1.5,1.6,1.7,1.8,1.9, 0or 2.0. In yet other embodi-
ments, the PFS ratio is at least about 3,4, 5, 6,7, 8, 9 or 10.

Similarly, the DFS can be compared in patients whose
treatment is selected with or without molecular profiling. In
embodiments, DFS from a treatment selected by molecular
profiling is extended by at least 10%, 15%, 20%, 30%, 40%,
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50%, 60%, 70%, 80%, or at least 90% as compared to a
non-molecular profiling selected treatment. In some embodi-
ments, the DFS from a treatment selected by molecular pro-
filing can be extended by at least 100%, 150%, 200%, 300%,
400%, 500%, 600%, 700%, 800%, 900%, or at least about
1000% as compared to a non-molecular profiling selected
treatment. In yet other embodiments, the DFS ratio (DFS on
molecular profiling selected therapy or new treatment/DFS
on prior therapy or treatment) is at least about 1.3. In yet other
embodiments, the DFS ratio is at least about 1.1, 1.2, 1.3, 1.4,
1.5,1.6,1.7,1.8, 1.9, or 2.0. In yet other embodiments, the
DES ratio is at least about 3, 4, 5, 6, 7, 8, 9 or 10.

In some embodiments, the candidate treatment of the
invention will not increase the PFS ratio or the DFS ratio in
the patient, nevertheless molecular profiling provides invalu-
able patient benefit. For example, in some instances no pref-
erable treatment has been identified for the patient. In such
cases, molecular profiling provides a method to identify a
candidate treatment where none is currently identified. The
molecular profiling may extend PFS, DFS or lifespan by at
least 1 week, 2 weeks, 3 weeks, 4 weeks, 1 month, 5 weeks, 6
weeks, 7 weeks, 8 weeks, 2 months, 9 weeks, 10 weeks, 11
weeks, 12 weeks, 3 months, 4 months, 5 months, 6 months, 7
months, 8 months, 9 months, 10 months, 11 months, 12
months, 13 months, 14 months, 15 months, 16 months, 17
months, 18 months, 19 months, 20 months, 21 months, 22
months, 23 months, 24 months or 2 years. The molecular
profiling may extend PFS, DFS or lifespan by at least 212
years, 3 years, 4 years, 5 years, or more. In some embodi-
ments, the methods of the invention improve outcome so that
patient is in remission.

The effectiveness of a treatment can be monitored by other
measures. A complete response (CR) comprises a complete
disappearance of the disease: no disease is evident on exami-
nation, scans or other tests. A partial response (PR) refers to
some disease remaining in the body, but there has been a
decrease in size or number of the lesions by 30% or more.
Stable disease (SD) refers to a disease that has remained
relatively unchanged in size and number of lesions. Gener-
ally, less than a 50% decrease or a slight increase in size
would be described as stable disease. Progressive disease
(PD) means that the disease has increased in size or number
on treatment. In some embodiments, molecular profiling
according to the invention results in a complete response or
partial response. In some embodiments, the methods of the
invention result in stable disease. In some embodiments, the
invention is able to achieve stable disease where non-molecu-
lar profiling results in progressive disease.

Computer Systems

Conventional data networking, application development
and other functional aspects of the systems (and components
of the individual operating components of the systems) may
not be described in detail herein but are part of the invention.
Furthermore, the connecting lines shown in the various fig-
ures contained herein are intended to represent exemplary
functional relationships and/or physical couplings between
the various elements. It should be noted that many alternative
or additional functional relationships or physical connections
may be present in a practical system.

The various system components discussed herein may
include one or more of the following: a host server or other
computing systems including a processor for processing digi-
tal data; a memory coupled to the processor for storing digital
data; an input digitizer coupled to the processor for inputting
digital data; an application program stored in the memory and
accessible by the processor for directing processing of digital
data by the processor; a display device coupled to the proces-
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sor and memory for displaying information derived from
digital data processed by the processor; and a plurality of
databases. Various databases used herein may include: patient
data such as family history, demography and environmental
data, biological sample data, prior treatment and protocol
data, patient clinical data, molecular profiling data of biologi-
cal samples, data on therapeutic drug agents and/or investi-
gative drugs, a gene library, a disease library, a drug library,
patient tracking data, file management data, financial man-
agement data, billing data and/or like data useful in the opera-
tion of the system. As those skilled in the art will appreciate,
user computer may include an operating system (e.g., Win-
dows NT, 95/98/2000, OS2, UNIX, Linux, Solaris, MacOS,
etc.) as well as various conventional support software and
drivers typically associated with computers. The computer
may include any suitable personal computer, network com-
puter, workstation, minicomputer, mainframe or the like.
User computer can be in a home or medical/business envi-
ronment with access to a network. In an exemplary embodi-
ment, access is through a network or the Internet through a
commercially-available web-browser software package.

As used herein, the term “network” shall include any elec-
tronic communications means which incorporates both hard-
ware and software components of such. Communication
among the parties may be accomplished through any suitable
communication channels, such as, for example, a telephone
network, an extranet, an intranet, Internet, point of interaction
device, personal digital assistant (e.g., Palm Pilot®, Black-
berry®), cellular phone, kiosk, etc.), online communications,
satellite communications, off-line communications, wireless
communications, transponder communications, local area
network (LAN), wide area network (WAN), networked or
linked devices, keyboard, mouse and/or any suitable commu-
nication or data input modality. Moreover, although the sys-
tem is frequently described herein as being implemented with
TCP/IP communications protocols, the system may also be
implemented using IPX, Appletalk, IP-6, NetBIOS, OSI or
any number of existing or future protocols. If the network is in
the nature of a public network, such as the Internet, it may be
advantageous to presume the network to be insecure and open
to eavesdroppers. Specific information related to the proto-
cols, standards, and application software utilized in connec-
tion with the Internet is generally known to those skilled in the
art and, as such, need not be detailed herein. See, for example,
D Nak, INTERNET STANDARDS AND PROTOCOLS (1998); Java 2
CoMPLETE, various authors, (Sybex 1999); DeroraH Ray anD
Eric Ray, Mastermng HTML 4.0 (1997); and Losumw, TCP/IP
Crearry Expramep (1997) and Davip GOURLEY AND Brian
Torry, HTTP, Tre Dermntive Gume (2002), the contents of
which are hereby incorporated by reference.

The various system components may be independently,
separately or collectively suitably coupled to the network via
data links which includes, for example, a connection to an
Internet Service Provider (ISP) over the local loop as is typi-
cally used in connection with standard modem communica-
tion, cable modem, Dish networks, ISDN, Digital Subscriber
Line (DSL), or various wireless communication methods,
see, e.g., GILBERT HELD, UNDERSTANDING DATA COMMUNICATIONS
(1996), which is hereby incorporated by reference. It is noted
that the network may be implemented as other types of net-
works, such as an interactive television (ITV) network. More-
over, the system contemplates the use, sale or distribution of
any goods, services or information over any network having
similar functionality described herein.

As used herein, “transmit” may include sending electronic
data from one system component to another over a network
connection. Additionally, as used herein, “data” may include
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encompassing information such as commands, queries, files,
data for storage, and the like in digital or any other form.

The system contemplates uses in association with web
services, utility computing, pervasive and individualized
computing, security and identity solutions, autonomic com-
puting, commodity computing, mobility and wireless solu-
tions, open source, biometrics, grid computing and/or mesh
computing.

Any databases discussed herein may include relational,
hierarchical, graphical, or object-oriented structure and/or
any other database configurations. Common database prod-
ucts that may be used to implement the databases include
DB2 by IBM (White Plains, N.Y.), various database products
available from Oracle Corporation (Redwood Shores, Calif.),
Microsoft Access or Microsoft SQL Server by Microsoft
Corporation (Redmond, Wash.), or any other suitable data-
base product. Moreover, the databases may be organized in
any suitable manner, for example, as data tables or lookup
tables. Each record may be a single file, a series of files, a
linked series of data fields or any other data structure. Asso-
ciation of certain data may be accomplished through any
desired data association technique such as those known or
practiced in the art. For example, the association may be
accomplished either manually or automatically. Automatic
association techniques may include, for example, a database
search, a database merge, GREP, AGREP, SQL, using a key
field in the tables to speed searches, sequential searches
through all the tables and files, sorting records in the file
according to a known order to simplify lookup, and/or the
like. The association step may be accomplished by a database
merge function, for example, using a “key field” in pre-se-
lected databases or data sectors.

More particularly, a “key field” partitions the database
according to the high-level class of objects defined by the key
field. For example, certain types of data may be designated as
a key field in a plurality of related data tables and the data
tables may then be linked on the basis of the type of data in the
key field. The data corresponding to the key field in each of
the linked data tables is preferably the same or of the same
type. However, data tables having similar, though not identi-
cal, data in the key fields may also be linked by using AGREP,
for example. In accordance with one embodiment, any suit-
able data storage technique may be utilized to store data
without a standard format. Data sets may be stored using any
suitable technique, including, for example, storing individual
files using an ISO/IEC 7816-4 file structure; implementing a
domain whereby a dedicated file is selected that exposes one
or more elementary files containing one or more data sets;
using data sets stored in individual files using a hierarchical
filing system; data sets stored as records in a single file (in-
cluding compression, SQL accessible, hashed via one or
more keys, numeric, alphabetical by first tuple, etc.); Binary
Large Object (BLOB); stored as ungrouped data elements
encoded using ISO/IEC 7816-6 data elements; stored as
ungrouped data elements encoded using ISO/IEC Abstract
Syntax Notation (ASN.1) as in ISO/IEC 8824 and 8825;
and/or other proprietary techniques that may include fractal
compression methods, image compression methods, etc.

In one exemplary embodiment, the ability to store a wide
variety of information in different formats is facilitated by
storing the information as a BLOB. Thus, any binary infor-
mation can be stored in a storage space associated with a data
set. The BLOB method may store data sets as ungrouped data
elements formatted as a block of binary via a fixed memory
offset using either fixed storage allocation, circular queue
techniques, or best practices with respect to memory manage-
ment (e.g., paged memory, least recently used, etc.). By using
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BLOB methods, the ability to store various data sets that have
different formats facilitates the storage of data by multiple
and unrelated owners of the data sets. For example, a first data
set which may be stored may be provided by a first party, a
second data set which may be stored may be provided by an
unrelated second party, and yet a third data set which may be
stored, may be provided by a third party unrelated to the first
and second party. Each of these three exemplary data sets may
contain different information that is stored using different
data storage formats and/or techniques. Further, each data set
may contain subsets of data that also may be distinct from
other subsets.

As stated above, in various embodiments, the data can be
stored without regard to a common format. However, in one
exemplary embodiment, the data set (e.g., BLOB) may be
annotated in a standard manner when provided for manipu-
lating the data. The annotation may comprise a short header,
trailer, or other appropriate indicator related to each data set
that is configured to convey information useful in managing
the various data sets. For example, the annotation may be
called a “condition header”, “header”, “trailer”, or “status”,
herein, and may comprise an indication of the status of the
data set or may include an identifier correlated to a specific
issuer or owner of the data. Subsequent bytes of data may be
used to indicate for example, the identity of the issuer or
owner of the data, user, transaction/membership account
identifier or the like. Each of these condition annotations are
further discussed herein.

The data set annotation may also be used for other types of
status information as well as various other purposes. For
example, the data set annotation may include security infor-
mation establishing access levels. The access levels may, for
example, be configured to permit only certain individuals,
levels of employees, companies, or other entities to access
data sets, or to permit access to specific data sets based on the
transaction, issuer or owner of data, user or the like. Further-
more, the security information may restrict/permit only cer-
tain actions such as accessing, modifying, and/or deleting
data sets. In one example, the data set annotation indicates
that only the data set owner or the user are permitted to delete
a data set, various identified users may be permitted to access
the data set for reading, and others are altogether excluded
from accessing the data set. However, other access restriction
parameters may also be used allowing various entities to
access a data set with various permission levels as appropri-
ate. The data, including the header or trailer may be received
by a stand alone interaction device configured to add, delete,
modify, or augment the data in accordance with the header or
trailer.

One skilled in the art will also appreciate that, for security
reasons, any databases, systems, devices, servers or other
components of the system may consist of any combination
thereof at a single location or at multiple locations, wherein
each database or system includes any of various suitable
security features, such as firewalls, access codes, encryption,
decryption, compression, decompression, and/or the like.

The computing unit of the web client may be further
equipped with an Internet browser connected to the Internet
or an intranet using standard dial-up, cable, DSL or any other
Internet protocol known in the art. Transactions originating at
a web client may pass through a firewall in order to prevent
unauthorized access from users of other networks. Further,
additional firewalls may be deployed between the varying
components of CMS to further enhance security.

Firewall may include any hardware and/or software suit-
ably configured to protect CMS components and/or enter-
prise computing resources from users of other networks. Fur-
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ther, a firewall may be configured to limit or restrict access to
various systems and components behind the firewall for web
clients connecting through a web server. Firewall may reside
in varying configurations including Stateful Inspection,
Proxy based and Packet Filtering among others. Firewall may
be integrated within an web server or any other CMS com-
ponents or may further reside as a separate entity.

The computers discussed herein may provide a suitable
website or other Internet-based graphical user interface
which is accessible by users. In one embodiment, the
Microsoft Internet Information Server (IIS), Microsoft Trans-
action Server (MTS), and Microsoft SQL Server, are used in
conjunction with the Microsoft operating system, Microsoft
NT web server software, a Microsoft SQL Server database
system, and a Microsoft Commerce Server. Additionally,
components such as Access or Microsoft SQL Server, Oracle,
Sybase, Informix MySQL, Interbase, etc., may be used to
provide an Active Data Object (ADO) compliant database
management system.

Any of the communications, inputs, storage, databases or
displays discussed herein may be facilitated through a web-
site having web pages. The term “web page” as it is used
herein is not meant to limit the type of documents and appli-
cations that might be used to interact with the user. For
example, a typical website might include, in addition to stan-
dard HTML documents, various forms, Java applets, JavaS-
cript, active server pages (ASP), common gateway interface
scripts (CGI), extensible markup language (XML), dynamic
HTML, cascading style sheets (CSS), helper applications,
plug-ins, and the like. A server may include a web service that
receives a request from a web server, the request including a
URL (http://yahoo.conv/stockquotes/ge) and an 1P address
(123.56.789.234). The web server retrieves the appropriate
web pages and sends the data or applications for the web
pages to the IP address. Web services are applications that are
capable of interacting with other applications over a commu-
nications means, such as the internet. Web services are typi-
cally based on standards or protocols such as XML, XSLT,
SOAP, WSDL and UDDI. Web services methods are well
known in the art, and are covered in many standard texts. See,
e.g., ALEX NGHIEM, IT WEB SERVICES: A ROADMAP FOR THE ENTER-
pRISE (2003), hereby incorporated by reference.

The web-based clinical database for the system and
method of the present invention preferably has the ability to
upload and store clinical data files in native formats and is
searchable on any clinical parameter. The database is also
scalable and may utilize an EAV data model (metadata) to
enter clinical annotations from any study for easy integration
with other studies. In addition, the web-based clinical data-
base is flexible and may be XML and XSLT enabled to be able
to add user customized questions dynamically. Further, the
database includes exportability to CDISC ODM.

Practitioners will also appreciate that there are a number of
methods for displaying data within a browser-based docu-
ment. Data may be represented as standard text or within a
fixed list, scrollable list, drop-down list, editable text field,
fixed text field, pop-up window, and the like. Likewise, there
are a number of methods available for modifying data in a
web page such as, for example, free text entry using a key-
board, selection of menu items, check boxes, option boxes,
and the like.

The system and method may be described herein in terms
of functional block components, screen shots, optional selec-
tions and various processing steps. It should be appreciated
that such functional blocks may be realized by any number of
hardware and/or software components configured to perform
the specified functions. For example, the system may employ
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various integrated circuit components, e.g., memory ele-
ments, processing elements, logic elements, look-up tables,
and the like, which may carry out a variety of functions under
the control of one or more microprocessors or other control
devices. Similarly, the software elements of the system may
be implemented with any programming or scripting language
such as C, C++, Macromedia Cold Fusion, Microsoft Active
Server Pages, Java, COBOL, assembler, PERL, Visual Basic,
SQL Stored Procedures, extensible markup language (XML),
with the various algorithms being implemented with any
combination of data structures, objects, processes, routines or
other programming elements. Further, it should be noted that
the system may employ any number of conventional tech-
niques for data transmission, signaling, data processing, net-
work control, and the like. Still further, the system could be
used to detect or prevent security issues with a client-side
scripting language, such as JavaScript, VBScript or the like.
For a basic introduction of cryptography and network secu-
rity, see any of the following references: (1) “Applied Cryp-
tography: Protocols, Algorithms, And Source Code In C,” by
Bruce Schneier, published by John Wiley & Sons (second
edition, 1995); (2) “Java Cryptography” by Jonathan Knud-
son, published by O’Reilly & Associates (1998); (3) “Cryp-
tography & Network Security: Principles & Practice” by
William Stallings, published by Prentice Hall; all of which are
hereby incorporated by reference.

As used herein, the term “end user”, “consumer”, “cus-
tomer”, “client”, “treating physician”, “hospital”, or “busi-
ness” may be used interchangeably with each other, and each
shall mean any person, entity, machine, hardware, software or
business. Each participant is equipped with a computing
device in order to interact with the system and facilitate online
data access and data input. The customer has a computing unit
in the form of a personal computer, although other types of
computing units may be used including laptops, notebooks,
hand held computers, set-top boxes, cellular telephones,
touch-tone telephones and the like. The owner/operator of the
system and method of the present invention has a computing
unit implemented in the form of a computer-server, although
other implementations are contemplated by the system
including a computing center shown as a main frame com-
puter, a mini-computer, a PC server, a network of computers
located in the same of different geographic locations, or the
like. Moreover, the system contemplates the use, sale or dis-
tribution of any goods, services or information over any net-
work having similar functionality described herein.

In one exemplary embodiment, each client customer may
be issued an “account” or “account number”. As used herein,
the account or account number may include any device, code,
number, letter, symbol, digital certificate, smart chip, digital
signal, analog signal, biometric or other identifier/indicia
suitably configured to allow the consumer to access, interact
with or communicate with the system (e.g., one or more of an
authorization/access code, personal identification number
(PIN), Internet code, other identification code, and/or the
like). The account number may optionally be located on or
associated with a charge card, credit card, debit card, prepaid
card, embossed card, smart card, magnetic stripe card, bar
code card, transponder, radio frequency card or an associated
account. The system may include or interface with any of the
foregoing cards or devices, or a fob having a transponder and
RFID readerin RF communication with the fob. Although the
system may include a fob embodiment, the invention is not to
be so limited. Indeed, system may include any device having
atransponder which is configured to communicate with RFID
reader via RF communication. Typical devices may include,
for example, a key ring, tag, card, cell phone, wristwatch or
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any such form capable of being presented for interrogation.
Moreover, the system, computing unit or device discussed
herein may include a “pervasive computing device,” which
may include a traditionally non-computerized device that is
embedded with a computing unit. The account number may
be distributed and stored in any form of plastic, electronic,
magnetic, radio frequency, wireless, audio and/or optical
device capable of transmitting or downloading data from
itself to a second device.

As will be appreciated by one of ordinary skill in the art, the
system may be embodied as a customization of an existing
system, an add-on product, upgraded software, a stand alone
system, a distributed system, a method, a data processing
system, a device for data processing, and/or a computer pro-
gram product. Accordingly, the system may take the form of
an entirely software embodiment, an entirely hardware
embodiment, or an embodiment combining aspects of both
software and hardware. Furthermore, the system may take the
form of a computer program product on a computer-readable
storage medium having computer-readable program code
means embodied in the storage medium. Any suitable com-
puter-readable storage medium may be utilized, including
hard disks, CD-ROM, optical storage devices, magnetic stor-
age devices, and/or the like.

The system and method is described herein with reference
to screen shots, block diagrams and flowchart illustrations of
methods, apparatus (e.g., systems), and computer program
products according to various embodiments. It will be under-
stood that each functional block of the block diagrams and the
flowchart illustrations, and combinations of functional blocks
in the block diagrams and flowchart illustrations, respec-
tively, can be implemented by computer program instruc-
tions.

Referring now to FIGS. 2-25 the process flows and screen-
shots depicted are merely embodiments and are not intended
to limit the scope of the invention as described herein. For
example, the steps recited in any of the method or process
descriptions may be executed in any order and are not limited
to the order presented. It will be appreciated that the following
description makes appropriate references not only to the steps
and user interface elements depicted in FIGS. 2-25, but also to
the various system components as described above with ref-
erence to FIG. 1.

These computer program instructions may be loaded onto
a general purpose computer, special purpose computer, or
other programmable data processing apparatus to produce a
machine, such that the instructions that execute on the com-
puter or other programmable data processing apparatus create
means for implementing the functions specified in the flow-
chart block or blocks. These computer program instructions
may also be stored in a computer-readable memory that can
direct a computer or other programmable data processing
apparatus to function in a particular manner, such that the
instructions stored in the computer-readable memory pro-
duce an article of manufacture including instruction means
which implement the function specified in the flowchart block
or blocks. The computer program instructions may also be
loaded onto a computer or other programmable data process-
ing apparatus to cause a series of operational steps to be
performed on the computer or other programmable apparatus
to produce a computer-implemented process such that the
instructions which execute on the computer or other program-
mable apparatus provide steps for implementing the func-
tions specified in the flowchart block or blocks.

Accordingly, functional blocks of the block diagrams and
flowchart illustrations support combinations of means for
performing the specified functions, combinations of steps for
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performing the specified functions, and program instruction
means for performing the specified functions. It will also be
understood that each functional block of the block diagrams
and flowchart illustrations, and combinations of functional
blocks in the block diagrams and flowchart illustrations, can
be implemented by either special purpose hardware-based
computer systems which perform the specified functions or
steps, or suitable combinations of special purpose hardware
and computer instructions. Further, illustrations of the pro-
cess flows and the descriptions thereof may make reference to
user windows, webpages, websites, web forms, prompts, etc.
Practitioners will appreciate that the illustrated steps
described herein may comprise in any number of configura-
tions including the use of windows, webpages, web forms,
popup windows, prompts and the like. It should be further
appreciated that the multiple steps as illustrated and described
may be combined into single webpages and/or windows but
have been expanded for the sake of simplicity. In other cases,
steps illustrated and described as single process steps may be
separated into multiple webpages and/or windows but have
been combined for simplicity.

Benefits, other advantages, and solutions to problems have
been described herein with regard to specific embodiments.
However, the benefits, advantages, solutions to problems, and
any element(s) that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to be
construed as critical, required, or essential features or ele-
ments of any or all the claims or the invention. The scope of
the invention is accordingly to be limited by nothing other
than the appended claims, in which reference to an element in
the singular is not intended to mean “one and only one” unless
explicitly so stated, but rather “one or more.” All structural,
chemical, and functional equivalents to the elements of the
above-described exemplary embodiments that are known to
those of ordinary skill in the art are expressly incorporated
herein by reference and are intended to be encompassed by
the present claims. Moreover, it is not necessary for a device
or method to address each and every problem sought to be
solved by the present invention, for it to be encompassed by
the present claims. Furthermore, no element, component, or
method step in the present disclosure is intended to be dedi-
cated to the public regardless of whether the element, com-
ponent, or method step is explicitly recited in the claims. No
claim element herein is to be construed under the provisions
of 35 US.C. 112, sixth paragraph, unless the element is
expressly recited using the phrase “means for” As used
herein, the terms “comprises”, “comprising”, or any other
variation thereof, are intended to cover a non-exclusive inclu-
sion, such that a process, method, article, or apparatus that
comprises a list of elements does not include only those
elements but may include other elements not expressly listed
or inherent to such process, method, article, or apparatus.
Further, no element described herein is required for the prac-
tice of the invention unless expressly described as “essential”
or “critical”.

FIG. 1 illustrates a block diagram of an exemplary embodi-
ment of a system 10 for determining individualized medical
intervention for a particular disease state that utilizes molecu-
lar profiling of a patient’s biological specimen. System 10
includes a user interface 12, a host server 14 including a
processor 16 for processing data, a memory 18 coupled to the
processor, an application program 20 stored in the memory 18
and accessible by the processor 16 for directing processing of
the data by the processor 16, a plurality of internal databases
22 and external databases 24, and an interface with a wired or
wireless communications network 26 (such as the Internet,
for example). System 10 may also include an input digitizer
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28 coupled to the processor 16 for inputting digital data from
data that is received from user interface 12.

User interface 12 includes an input device 30 and a display
32 for inputting data into system 10 and for displaying infor-
mation derived from the data processed by processor 16. User
interface 12 may also include a printer 34 for printing the
information derived from the data processed by the processor
16 such as patient reports that may include test results for
targets and proposed drug therapies based on the test results.

Internal databases 22 may include, but are not limited to,
patient biological sample/specimen information and track-
ing, clinical data, patient data, patient tracking, file manage-
ment, study protocols, patient test results from molecular
profiling, and billing information and tracking. External data-
bases 24 nay include, but are not limited to, drug libraries,
gene libraries, disease libraries, and public and private data-
bases such as UniGene, OMIM, GO, TIGR, GenBank,
KEGG and Biocarta.

Molecular Profiling Methods

Various methods may be used in accordance with system
10. FIG. 2 shows a flowchart of an exemplary embodiment of
amethod 50 for determining individualized medical interven-
tion for a particular disease state that utilizes molecular pro-
filing of a patient’s biological specimen that is non disease
specific. In order to determine a medical intervention for a
particular disease state using molecular profiling that is inde-
pendent of disease lineage diagnosis (i.e. not single disease
restricted), at least one test is performed for at least one target
from a biological sample of a diseased patient in step 52. A
target is defined as any molecular finding that may be
obtained from molecular testing. For example, a target may
include one or more genes, one or more gene expressed pro-
teins, one or more molecular mechanisms, and/or combina-
tions of such. For example, the expression level of a target can
be determined by the analysis of mMRNA levels or the target or
gene, or protein levels of the gene. Tests for finding such
targets may include, but are not limited, fluorescent in-situ
hybridization (FISH), an in-situ hybridization (ISH), and
other molecular tests known to those skilled in the art. PCR-
based methods, such as real-time PCR or quantitative PCR
can be used. Furthermore, microarray analysis, such as a
comparative genomic hybridization (CGH) micro array, a
single nucleotide polymorphism (SNP) microarray, a pro-
teomic array, or antibody array analysis can also be used in the
methods disclosed herein. In some embodiments, microarray
analysis comprises identifying whether a gene is up-regulated
or down-regulated relative to a reference with a significance
of p<0.001. Tests or analyses of targets can also comprise
immunohistochemical (IHC) analysis. In some embodi-
ments, [HC analysis comprises determining whether 30% or
more of a sample is stained, if the staining intensity is +2 or
greater, or both.

Furthermore, the methods disclosed herein also including
profiling more than one target. For example, the expression of
a plurality of genes can be identified. Furthermore, identifi-
cation of a plurality of targets in a sample can be by one
method or by various means. For example, the expression of
a first gene can be determined by one method and the expres-
sion level of a second gene determined by a different method.
Alternatively, the same method can be used to detect the
expression level of the first and second gene. For example, the
first method can be IHC and the second by microarray analy-
sis, such as detecting the gene expression of a gene.

In some embodiments, molecular profiling can also includ-
ing identifying a genetic variant, such as a mutation, poly-
morphism (such as a SNP), deletion, or insertion of a target.
For example, identifying a SNP in a gene can be determined
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by microarray analysis, real-time PCR, or sequencing. Other
methods disclosed herein can also be used to identify variants
of one or more targets.

Accordingly, one or more of the following may be per-
formed: an IHC analysis in step 54, a microanalysis in step 56,
and other molecular tests know to those skilled in the art in
step 58.

Biological samples are obtained from diseased patients by
taking a biopsy of a tumor, conducting minimally invasive
surgery if no recent tumor is available, obtaining a sample of
the patient’s blood, or a sample of any other biological fluid
including, but not limited to, cell extracts, nuclear extracts,
cell lysates or biological products or substances of biological
origin such as excretions, blood, sera, plasma, urine, sputum,
tears, feces, saliva, membrane extracts, and the like.

In step 60, a determination is made as to whether one or
more of the targets that were tested for in step 52 exhibit a
change in expression compared to a normal reference for that
particular target. In one exemplary method of the invention,
an [HC analysis may be performed in step 54 and a determi-
nation as to whether any targets from the IHC analysis exhibit
a change in expression is made in step 64 by determining
whether 30% or more of the biological sample cells were +2
or greater staining for the particular target. It will be under-
stood by those skilled in the art that there will be instances
where +1 or greater staining will indicate a change in expres-
sion in that staining results may vary depending on the tech-
nician performing the test and type of target being tested. In
another exemplary embodiment of the invention, a micro
array analysis may be performed in step 56 and a determina-
tion as to whether any targets from the micro array analysis
exhibit a change in expression is made in step 66 by identi-
fying which targets are up-regulated or down-regulated by
determining whether the fold change in expression for a par-
ticular target relative to a normal tissue of origin reference is
significant at p<0.001. A change in expression may also be
evidenced by an absence of one or more genes, gene
expressed proteins, molecular mechanisms, or other molecu-
lar findings.

After determining which targets exhibit a change in expres-
sion in step 60, at least one non-disease specific agent is
identified that interacts with each target having a changed
expression in step 70. An agent may be any drug or compound
having a therapeutic effect. A non-disease specific agent is a
therapeutic drug or compound not previously associated with
treating the patient’s diagnosed disease that is capable of
interacting with the target from the patient’s biological
sample that has exhibited a change in expression. Some of the
non-disease specific agents that have been found to interact
with specific targets found in different cancer patients are
shown in Table 3 below.

TABLE 3

Patients Target(s) Found Treatment(s)

Advanced Pancreatic Cancer ~ HER 2/neu (IHC/Array)  Herceptin ™

Advanced Pancreatic Cancer ~ EGFR (IHC), HIF 1la Erbitux ™,
Rapamycin ™
Advanced Ovarian Cancer ERCC3 (Array) Trofulvene

Advanced Adenoid Cystic
Carcinoma

Vitamin D receptors,
Androgen receptors

Calcitriol ™,
Flutamide ™

Finally, in step 80, a patient profile report may be provided
which includes the patient’s test results for various targets and
any proposed therapies based on those results. An exemplary
patient profile report 100 is shown in FIGS. 3A-3D. Patient
profile report 100 shown in FIG. 3A identifies the targets
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tested 102, those targets tested that exhibited significant
changes in expression 104, and proposed non-disease specific
agents for interacting with the targets 106. Patient profile
report 100 shown in FIG. 3B identifies the results 108 of
immunohistochemical analysis for certain gene expressed
proteins 110 and whether a gene expressed protein is a
molecular target 112 by determining whether 30% or more of
the tumor cells were +2 or greater staining Report 100 also
identifies immunohistochemical tests that were not per-
formed 114. Patient profile report 100 shown in FIG. 3C
identifies the genes analyzed 116 with a micro array analysis
and whether the genes were under expressed or over
expressed 118 compared to a reference. Finally, patient pro-
file report 100 shown in FIG. 3D identifies the clinical history
120 of the patient and the specimens that were submitted 122
from the patient. The molecular profiling techniques can be
performed anywhere, e.g., a foreign country, and the results
sent by network to an appropriate party, e.g., the patient, a
physician, lab or other party located remotely.

FIG. 4 shows a flowchart of an exemplary embodiment of
a method 200 for identifying a drug therapy/agent capable of
interacting with a target. In step 202, a molecular target is
identified which exhibits a change in expression in a number
of diseased individuals. Next, in step 204, a drug therapy/
agent is administered to the diseased individuals. After drug
therapy/agent administration, any changes in the molecular
target identified in step 202 are identified in step 206 in order
to determine if the drug therapy/agent administered in step
204 interacts with the molecular targets identified in step 202.
Ifit is determined that the drug therapy/agent administered in
step 204 interacts with a molecular target identified in step
202, the drug therapy/agent may be approved for treating
patients exhibiting a change in expression of the identified
molecular target instead of approving the drug therapy/agent
for a particular disease.

FIGS. 5-14 are flowcharts and diagrams illustrating vari-
ous parts of an information-based personalized medicine
drug discovery system and method in accordance with the
present invention. FIG. 5 is a diagram showing an exemplary
clinical decision support system of the information-based
personalized medicine drug discovery system and method of
the present invention. Data obtained through clinical research
and clinical care such as clinical trial data, biomedical/mo-
lecular imaging data, genomics/proteomics/chemical library/
literature/expert curation, biospecimen tracking/[L.IMS, fam-
ily history/environmental records, and clinical data are
collected and stored as databases and datamarts within a data
warehouse. FIG. 6 is a diagram showing the flow of informa-
tion through the clinical decision support system of the infor-
mation-based personalized medicine drug discovery system
and method of the present invention using web services. A
user interacts with the system by entering data into the system
via form-based entry/upload of data sets, formulating queries
and executing data analysis jobs, and acquiring and evaluat-
ing representations of output data. The data warehouse in the
web based system is where data is extracted, transformed, and
loaded from various database systems. The data warehouse is
also where common formats, mapping and transformation
occurs. The web based system also includes datamarts which
are created based on data views of interest.

A flow chart of an exemplary clinical decision support
system of the information-based personalized medicine drug
discovery system and method of the present invention is
shown in FIG. 7. The clinical information management sys-
tem includes the laboratory information management system
and the medical information contained in the data warehouses
and databases includes medical information libraries, such as
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drug libraries, gene libraries, and disease libraries, in addition
to literature text mining. Both the information management
systems relating to particular patients and the medical infor-
mation databases and data warchouses come together at a data
junction center where diagnostic information and therapeutic
options can be obtained. A financial management system may
also be incorporated in the clinical decision support system of
the information-based personalized medicine drug discovery
system and method of the present invention.

FIG. 8 is a diagram showing an exemplary biospecimen
tracking and management system which may be utilized as
part of the information-based personalized medicine drug
discovery system and method of the present invention. FIG. 8
shows two host medical centers which forward specimens to
a tissue/blood bank. The specimens may go through labora-
tory analysis prior to shipment. Research may also be con-
ducted on the samples via micro array, genotyping, and pro-
teomic analysis. This information can be redistributed to the
tissue/blood bank. FI1G. 9 depicts a flow chart of an exemplary
biospecimen tracking and management system which may be
utilized with the information-based personalized medicine
drug discovery system and method of the present invention.
The host medical center obtains samples from patients and
then ships the patient samples to a molecular profiling labo-
ratory which may also perform RNA and DNA isolation and
analysis.

A diagram showing a method for maintaining a clinical
standardized vocabulary for use with the information-based
personalized medicine drug discovery system and method of
the present invention is shown in FIG. 10. FIG. 10 illustrates
how physician observations and patient information associ-
ated with one physician’s patient may be made accessible to
another physician to enable the other physician to utilize the
data in making diagnostic and therapeutic decisions for their
patients.

FIG. 11 shows a schematic of an exemplary micro array
gene expression database which may be used as part of the
information-based personalized medicine drug discovery
system and method of the present invention. The micro array
gene expression database includes both external databases
and internal databases which can be accessed via the web
based system. External databases may include, but are not
limited to, UniGene, GO, TIGR, GenBank, KEGG. The inter-
nal databases may include, but are not limited to, tissue track-
ing, LIMS, clinical data, and patient tracking. FIG. 12 shows
a diagram of an exemplary micro array gene expression data-
base data warehouse which may be used as part of the infor-
mation-based personalized medicine drug discovery system
and method of the present invention. Laboratory data, clinical
data, and patient data may all be housed in the micro array
gene expression database data warehouse and the data may in
turn be accessed by public/private release and utilized by data
analysis tools.

Another schematic showing the flow of information
through an information-based personalized medicine drug
discovery system and method of the present invention is
shown in FIG. 13. Like FIG. 7, the schematic includes clinical
information management, medical and literature information
management, and financial management of the information-
based personalized medicine drug discovery system and
method of the present invention. FIG. 14 is a schematic show-
ing an exemplary network of the information-based person-
alized medicine drug discovery system and method of the
present invention. Patients, medical practitioners, host medi-
cal centers, and labs all share and exchange a variety of
information in order to provide a patient with a proposed
therapy or agent based on various identified targets.
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FIGS. 15-25 are computer screen print outs associated with
various parts of the information-based personalized medicine
drug discovery system and method shown in FIGS. 5-14.
FIGS. 15 and 16 show computer screens where physician
information and insurance company information is entered
on behalf of a client. FIGS. 17-19 show computer screens in
which information can be entered for ordering analysis and
tests on patient samples.

FIG. 20 is a computer screen showing micro array analysis
results of specific genes tested with patient samples. This
information and computer screen is similar to the information
detailed in the patient profile report shown in FIG. 3C. FIG.
22 is a computer screen that shows immunohistochemistry
test results for a particular patient for various genes. This
information is similar to the information contained in the
patient profile report shown in FIG. 3B.

FIG. 21 is a computer screen showing selection options for
finding particular patients, ordering tests and/or results, issu-
ing patient reports, and tracking current cases/patients.

FIG. 23 is a computer screen which outlines some of the
steps for creating a patient profile report as shown in FIGS.
3 A through 3D. FIG. 24 shows a computer screen for ordering
an immunohistochemistry test on a patient sample and FIG.
25 shows a computer screen for entering information regard-
ing a primary tumor site for micro array analysis. It will be
understood by those skilled in the art that any number and
variety of computer screens may be utilized to enter the
information necessary for utilizing the information-based
personalized medicine drug discovery system and method of
the present invention and to obtain information resulting from
utilizing the information-based personalized medicine drug
discovery system and method of the present invention.

FIGS. 26-31 represent tables that show the frequency of a
significant change in expression of certain genes and/or gene
expressed proteins by tumor type, i.e. the number of times
that a gene and/or gene expressed protein was flagged as a
target by tumor type as being significantly overexpressed or
underexpressed (see also Examples 1-3). The tables show the
total number of times a gene and/or gene expressed protein
was overexpressed or underexpressed in a particular tumor
type and whether the change in expression was determined by
immunohistochemistry analysis (FIG. 26, FIG. 28) or
microarray analysis (FIGS. 27, 30). The tables also identify
the total number of times an overexpression of any gene
expressed protein occurred in a particular tumor type using
immunohistochemistry and the total number of times an over-
expression or underexpression of any gene occurred in a
particular tumor type using gene microarray analysis.

Thus the present invention provides methods and systems
for analyzing diseased tissue using IHC testing and gene
microarray testing in accordance with IHC and microarray
testing as previously described above. The patients can be in
an advanced stage of disease. The biomarker patterns or
biomarker signature sets in a number of tumor types, diseased
tissue types, or diseased cells including adipose, adrenal cor-
tex, adrenal gland, adrenal gland—medulla, appendix, blad-
der, blood vessel, bone, bone cartilage, brain, breast, carti-
lage, cervix, colon, colon sigmoid, dendritic cells, skeletal
muscle, enodmetrium, esophagus, fallopian tube, fibroblast,
gallbladder, kidney, larynx, liver, lung, lymph node, melano-
cytes, mesothelial lining, myoepithelial cells, osteoblasts,
ovary, pancreas, parotid, prostate, salivary gland, sinus tissue,
skeletal muscle, skin, small intestine, smooth muscle, stom-
ach, synovium, joint lining tissue, tendon, testis, thymus,
thyroid, uterus, and uterus corpus can be determined.

The methods of the present invention can be used for
selecting a treatment of any cancer, including but not limited
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to breast cancer, pancreatic cancer, cancer of the colon and/or
rectum, leukemia, skin cancer, bone cancer, prostate cancer,
liver cancer, lung cancer, brain cancer, cancer of the larynx,
gallbladder, parathyroid, thyroid, adrenal, neural tissue, head
and neck, stomach, bronchi, kidneys, basal cell carcinoma,
squamous cell carcinoma of both ulcerating and papillary
type, metastatic skin carcinoma, osteo sarcoma, Ewing’s sar-
coma, veticulum cell sarcoma, myeloma, giant cell tumor,
small-cell lung tumor, islet cell carcinoma, primary brain
tumor, acute and chronic lymphocytic and granulocytic
tumors, hairy-cell tumor, adenoma, hyperplasia, medullary
carcinoma, pheochromocytoma, mucosal neuroma, intestinal
ganglioneuroma, hyperplastic corneal nerve tumor,
marfanoid habitus tumor, Wilm’s tumor, seminoma, ovarian
tumor, leiomyoma, cervical dysplasia and in situ carcinoma,
neuroblastoma, retinoblastoma, soft tissue sarcoma, malig-
nant carcinoid, topical skin lesion, mycosis fungoides, rhab-
domyosarcoma, Kaposi’s sarcoma, osteogenic and other sar-
coma, malignant hypercalcemia, renal cell tumor,
polycythermia vera, adenocarcinoma, glioblastoma multi-
forma, leukemias, lymphomas, malignant melanomas, and
epidermoid carcinomas.

The biomarker patterns or biomarker signature sets in a
number of tumor types, diseased tissue types, or diseased
cells including accessory, sinuses, middle and inner ear, adre-
nal glands, appendix, hematopoietic system, bones and joints,
spinal cord, breast, cerebellum, cervix uteri, connective and
soft tissue, corpus uteri, esophagus, eye, nose, eyeball, fallo-
pian tube, extrahepatic bile ducts, other mouth, intrahepatic
bile ducts, kidney, appendix-colon, larynx, lip, liver, lung and
bronchus, lymph nodes, cerebral, spinal, nasal cartilage, excl.
retina, eye, nos, oropharynx, other endocrine glands, other
female genital, ovary, pancreas, penis and scrotum, pituitary
gland, pleura, prostate gland, rectum renal pelvis, ureter, peri-
tonem, salivary gland, skin, small intestine, stomach, testis,
thymus, thyroid gland, tongue, unknown, urinary bladder,
uterus, nos, vagina & labia, and vulva, nos can also be deter-
mined.

Thus the biomarker patterns or biomarker signature sets
can be used to determine a therapeutic agent or therapeutic
protocol that is capable of interacting with the biomarker
pattern or signature set. For example, with advanced breast
cancer, immunohistochemistry analysis can be used to deter-
mine one or more gene expressed proteins that are overex-
pressed. Accordingly, a biomarker pattern or biomarker sig-
nature set can be identified for advanced stage breast cancer
and a therapeutic agent or therapeutic protocol can be iden-
tified which is capable of interacting with the biomarker
pattern or signature set.

These examples of biomarker patterns or biomarker signa-
ture sets for advanced stage breast cancer are just one example
of the extensive number of biomarker patterns or biomarker
signature sets for a number of advanced stage diseases or
cancers that can be identified from the tables depicted in
FIGS. 26-31. In addition, a number of non disease specific
therapies or therapeutic protocols may be identified for treat-
ing patients with these biomarker patterns or biomarker sig-
nature sets by utilizing method steps of the present invention
described above such as depicted in FIGS. 1-2 and FIGS.
5-14.

The biomarker patterns and/or biomarker signature sets
disclosed in the table depicted in FIGS. 26 and 28, and the
tables depicted in FIGS. 27 and 30 may be used for a number
of purposes including, but not limited to, specific cancer/
disease detection, specific cancer/disease treatment, and
identification of new drug therapies or protocols for specific
cancers/diseases. The biomarker patterns and/or biomarker
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signature sets disclosed in the table depicted in FIGS. 26 and
28, and the tables depicted in FIGS. 27 and 30 can also
represent drug resistant expression profiles for the specific
tumor type or cancer type. The biomarker patterns and/or
biomarker signature sets disclosed in the table depicted in
FIGS. 26 and 28, and the tables depicted in FIGS. 27 and 30
represent advanced stage drug resistant profiles.

The biomarker patterns and/or biomarker signature sets
can comprise at least one biomarker. In yet other embodi-
ments, the biomarker patterns or signature sets can comprise
at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 biomarkers. In some
embodiments, the biomarker signature sets or biomarker pat-
terns can comprise at least 15, 20, 30, 40, 50, or 60 biomar-
kers. In some embodiments, the biomarker signature sets or
biomarker patterns can comprise at least 70, 80, 90, 100, 200,
300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000,
5000, 6000, 7000, 8000, 9000, 10,000, 15,000, 20,000,
25,000, 30,000, 35,000, 40,000, 45,000 or 50,000 biomark-
ers. Analysis of the one or more biomarkers can be by one or
more methods. For example, analysis of 2 biomarkers can be
performed using microarrays. Alternatively, one biomarker
may be analyzed by IHC and another by microarray. Any such
combinations of methods and biomarkers are contemplated
herein.

The one or more biomarkers can be selected from the group
consisting of, but not limited to: Her2/Neu, ER, PR, c-kit,
EGFR, MLH1, MSH2, CD20, p53, Cyclin D1, bel2, COX-2,
Androgen receptor, CD52, PDGFR, AR, CD25, VEGE,
HSP90, PTEN, RRM1, SPARC, Survivin, TOP2A, BCL2,
HIF1A, AR, ESR1, PDGFRA, KIT, PDGFRB, CDW52,
ZAP70, PGR, SPARC, GART, GSTP1, NFKBIA, MSH2,
TXNRDI, HDAC1, PDGFC, PTEN, CD33, TYMS, RXRB,
ADA, TNF, ERCC3,RAF1, VEGF, TOP1, TOP2A, BRCA2,
TK1, FOLR2, TOP2B, MLH1, IL2RA, DNMT1, HSPCA,
ERBR2, ERBB2, SSTR1, VHL, VDR, PTGS2, POLA,
CES2, EGFR, OGFR, ASNS, NFKB2, RARA, MS4Al,
DCK, DNMT3A, EREG, Epiregulin, FOLR1, GNRHI,
GNRHR1, FSHB, FSHR, FSHPRH1, folate receptor, HGF,
HIG1, IL13RA1, LTB, ODC1, PPARG, PPARGCI1, Lym-
photoxin Beta Receptor, Myc, Topoisomerase 11, TOPO2B,
TXN, VEGFC, ACE2, ADHIC, ADH4, AGT, AREG, CA2,
CDK2, caveolin, NFKB1, ASNS, BDCAI, CDS52, DHFR,
DNMT3B, EPHA2, FLT1, HSP90AA1, KDR, LCK, MGMT,
RRMI1, RRM2, RRM2B, RXRG, SRC, SSTR2, SSTR3,
SSTR4, SSTRS, VEGFA, or YESI.

For example, a biological sample from an individual can be
analyzed to determine a biomarker pattern or biomarker sig-
nature set that comprises a biomarker such as HSP90, Sur-
vivin, RRM1, SSTRS3, DNMT3B, VEGFA, SSTR4, RRM2,
SRC, RRM2B, HSP90AA1, STR2, FLT1, SSTRS, YESI,
BRCA1, RRM1, DHFR, KDR, EPHA2, RXRG, or LCK. In
other embodiments, the biomarker SPARC, HSP90, TOP2A,
PTEN, Survivin, or RRM1 forms part of the biomarker pat-
tern or biomarker signature set. In yet other embodiments, the
biomarker MGMT, SSTRS3, DNMT3B, VEGFA, SSTR4,
RRM2, SRC, RRM2B, HSP90AA1, STR2, FLT1, SSTRS,
YES1, BRCAI1, RRM1, DHFR, KDR, EPHA2, RXRG,
CD52, or LCK is included in a biomarker pattern or biomar-
ker signature set.

The expression level of HSP90, Survivin, RRMI,
SSTRS3, DNMT3B, VEGFA, SSTR4, RRM2, SRC,
RRM2B, HSP90AA1, STR2, FLT1, SSTRS,YES1, BRCAL,
RRM1, DHFR, KDR, EPHA2, RXRG, or LCK can be deter-
mined and used to identify a therapeutic for an individual. The
expression level of the biomarker can be used to form a
biomarker pattern or biomarker signature set. Determining
the expression level can be by analyzing the levels of mRNA
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or protein, such as by microarray analysis or I[HC. In some
embodiments, the expression level of a biomarker is per-
formed by IHC, such as for SPARC, TOP2A, or PTEN, and
used to identify a therapeutic for an individual. The results of
the ITHC can be used to form a biomarker pattern or biomarker
signature set. In yet other embodiments, a biological sample
from an individual or subject is analyzed for the expression
level of CD52, such as by determining the mRNA expression
level by methods including, but not limited to, microarray
analysis. The expression level of CD52 can be used to identify
atherapeutic for the individual. The expression level of CD52
can be used to form a biomarker pattern or biomarker signa-
ture set.

As described herein, the molecular profiling of one or more
targets can be used to determine or identify a therapeutic for
an individual. For example, the expression level of one or
more biomarkers can be used to determine or identify a thera-
peutic for an individual. The one or more biomarkers, such as
those disclosed herein, can be used to form a biomarker
pattern or biomarker signature set, which is used to identify a
therapeutic for an individual. In some embodiments, the
therapeutic identified is one that the individual has not previ-
ously been treated with.

For example, a reference biomarker pattern has been estab-
lished for a particular therapeutic, such that individuals with
the reference biomarker pattern will be responsive to that
therapeutic. An individual with a biomarker pattern that dif-
fers from the reference, for example the expression of a gene
in the biomarker pattern is changed or different from that of
the reference, would not be administered that therapeutic. In
another example, an individual exhibiting a biomarker pat-
tern that is the same or substantially the same as the reference
is advised to be treated with that therapeutic. In some embodi-
ments, the individual has not previously been treated with that
therapeutic and thus a new therapeutic has been identified for
the individual.

EXAMPLES
Example 1
THC and Microarray Testing of Over 500 Patients

The data reflected in the table depicted in FIGS. 26 A-H and
FIGS. 27A-27H relates to 544 patients whose diseased tissue
underwent THC testing (FIG. 26) and 540 patients whose
diseased tissue underwent gene microarray testing (FIG. 27)
in accordance with IHC and microarray testing as previously
described above. The patients were all in advanced stages of
disease.

The data show biomarker patterns or biomarker signature
sets in a number of tumor types, diseased tissue types, or
diseased cells including adipose, adrenal cortex, adrenal
gland, adrenal gland—medulla, appendix, bladder, blood
vessel, bone, bone cartilage, brain, breast, cartilage, cervix,
colon, colon sigmoid, dendritic cells, skeletal muscle, enod-
metrium, esophagus, fallopian tube, fibroblast, gallbladder,
kidney, larynx, liver, lung, lymph node, melanocytes,
mesothelial lining, myoepithelial cells, osteoblasts, ovary,
pancreas, parotid, prostate, salivary gland, sinus tissue, skel-
etal muscle, skin, small intestine, smooth muscle, stomach,
synovium, joint lining tissue, tendon, testis, thymus, thyroid,
uterus, and uterus corpus.

In 99 individuals with advanced breast cancer, immuno-
histochemistry analysis of 20 gene expressed proteins (FIG.
26B) showed that the gene expressed proteins analyzed were
overexpressed a total of 367 times and that 16.35% of that
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total overexpression was attributable to HSP90 overexpres-
sion followed by 12.53% of the overexpression being attrib-
utable to TOP2A overexpression and 11.17% of the overex-
pression being attributable to SPARC. In addition, 9.81% of
the overexpression was attributable to androgen receptor
overexpression, 9.54% of the overexpression was attributable
to PDGFR overexpression, and 9.26% of the overexpression
was attributable to c-kit overexpression.

Accordingly, a biomarker pattern or biomarker signature
set can be identified for advanced stage breast cancer and a
therapeutic agent or therapeutic protocol can be identified
which is capable of interacting with the biomarker pattern or
signature set.

Another biomarker pattern or biomarker signature set for
advanced stage breast cancer is shown from the microarray
data inthe table represented by FIGS. 27A-H. For example, in
100 individuals with advanced breast cancer (FIG. 27B), gene
microarray analysis of 64 genes showed that the genes ana-
lyzed exhibited a change in expression a total of 1,158 times
and that 6.39% of that total change in expression was attrib-
utable to SSTR3 change in expression followed by 5.79% of
the change in expression being attributable to VDR change in
expression and 5.35% of the change in expression being
attributable to BRCA2 change in expression. Accordingly,
another biomarker pattern or biomarker signature set can be
identified for advanced stage breast cancer and another thera-
peutic agent or therapeutic protocol can be identified which is
capable of interacting with this biomarker pattern or signature
set.

Example 2
THC Testing of Over 1300 Patients

FIGS. 28A through 280 represent a table that shows the
frequency of a significant change in expression of certain
gene expressed proteins by tumor type, i.e. the number of
times that a gene expressed protein was flagged as a target by
tumor type as being significantly overexpressed by immuno-
histochemistry analysis. The table also identifies the total
number of times an overexpression of any gene expressed
protein occurred in a particular tumor type using immunohis-
tochemistry.

The data reflected in the table depicted in FIGS. 28A
through 280 relates to 1392 patients whose diseased tissue
underwent THC testing in accordance with THC testing as
previously described above. The patients were all in advanced
stages of disease.

The data show biomarker patterns or biomarker signature
sets in a number of tumor types, diseased tissue types, or
diseased cells including accessory, sinuses, middle and inner
ear, adrenal glands, appendix, hematopoietic system, bones
and joints, spinal cord, breast, cerebellum, cervix uteri, con-
nective and soft tissue, corpus uteri, esophagus, eye, nose,
eyeball, fallopian tube, extrahepatic bile ducts, other mouth,
intrahepatic bile ducts, kidney, appendix-colon, larynx, lip,
liver, lung and bronchus, lymph nodes, cerebral, spinal, nasal
cartilage, excl. retina, eye, nos, oropharynx, other endocrine
glands, other female genital, ovary, pancreas, penis and scro-
tum, pituitary gland, pleura, prostate gland, rectum renal pel-
vis, ureter, peritonem, salivary gland, skin, small intestine,
stomach, testis, thymus, thyroid gland, tongue, unknown,
urinary bladder, uterus, nos, vagina & labia, and vulva, nos.

In 254 individuals with advanced breast cancer, immuno-
histochemistry analysis of 19 gene expressed proteins (FIG.
28C) showed that the gene expressed proteins analyzed were
overexpressed a total of 767 times and that 13.43% of that
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total overexpression was attributable to SPARC overexpres-
sion followed by 12.26% of the overexpression being attrib-
utable to c-kit overexpression and 11.47% of the overexpres-
sion being attributable to EGFR. In addition, 11.34% of the
overexpression was attributable to androgen receptor overex-
pression, 11.08% of the overexpression was attributable to
HSP90 overexpression, and 10.43% of the overexpression
was attributable to PDGFR overexpression. Accordingly, a
biomarker pattern or biomarker signature set can be identified
for advanced stage breast cancer and a therapeutic agent or
therapeutic protocol can be identified which is capable of
interacting with the biomarker pattern or signature set.

FIG. 29 depicts a table showing biomarkers (gene
expressed proteins) tagged as targets in order of frequency in
all tissues that were IHC tested Immunohistochemistry of the
19 gene expressed proteins showed that the 19 gene expressed
proteins were tagged 3878 times as targets in the various
tissues tested and that EGFR was the gene expressed protein
that was overexpressed the most frequently followed by
SPARC.

Example 3
Microarray Testing of Over 300 Patients

FIGS. 30A through 300 represent a table that shows the
frequency of a significant change in expression of certain
genes by tumor type, i.e. the number of times that a gene was
flagged as a target by tumor type as being significantly over-
expressed or underexpressed by microarray analysis. The
table also identifies the total number of times an overexpres-
sion or underexpression of any gene occurred in a particular
tumor type using gene microarray analysis.

The data reflected in the table depicted in FIGS. 30A
through 300 relates to 379 patients whose diseased tissue
underwent gene microarray testing in accordance microarray
testing as previously described above. The patients were all in
advanced stages of disease. The data show biomarker patterns
or biomarker signature sets in a number of tumor types,
diseased tissue types, or diseased cells including accessory,
sinuses, middle and inner ear, adrenal glands, anal canal and
anus, appendix, blood, bone marrow & hematopoietic sys,
bones and joints, brain & cranial nerves and spinal cord (excl.
ventricle & cerebellum), breast, cerebellum, cervix uteri,
connective & soft tissue, corpus uteri, esophagus, eye, nos,
eyeball, fallopian tube, gallbladder 7 extrahepatic bile ducts,
gum, floor of mouth & other mouth, intrahepatic bile ducts,
kidney, large intestine (excl. appendix-colon), larynx, lip,
liver, lung & bronchus, lymph nodes, meninges (cerebral,
spinal), nasal cavity (including nasal cartilage), orbit & lac-
rimal gland (excl. retina, eye, nos), oropharynx, other endo-
crine glands, other fenale genital, ovary, pancreas, penis &
scrotum, pituitary gland, pleura, prostate gland, rectum, renal
pelvis & ureter, retroperitoneum & peritoneum, salivary
gland, skin, small intestine, stomach, testis, thymus, thyroid
gland, tongue, unknown, unspecified digestive organs, uri-
nary bladder, uterus, nos, vagina & labia, and vulva, nos.

For example, in 168 individuals with advanced breast can-
cer (FIG. 30C), microarray analysis of 63 genes showed that
the genes analyzed were either overexpressed or underex-
pressed a total of 1863 times and that 5.05% of that total
change in expression was attributable to SSTR3 change in
expression followed by 4.83% of the change in expression
being attributable to NKFBIA change in expression and
4.62% of the change in expression being attributable to VDR.
In addition, 4.35% of the change in expression was attribut-
able to MGMT change in expression, 4.19% of the change in
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expression was attributable to ADA change in expression, and
3.97% of the change in expression was attributable to CES2
change in expression.

FIG. 31 depicts a table showing biomarkers as targets in
order of frequency in all tissues that were tested.

Example 4

A Pilot Study Utilizing Molecular Profiling of
Patients’ Tumors to Find Targets and Select
Treatments for Refractory Cancers

The primary objective was to compare progression free
survival (PFS) using a treatment regimen selected by molecu-
lar profiling with the PFS for the most recent regimen the
patient progressed on (e.g. patients are their own control)
(FIG. 32). The molecular profiling approach was deemed of
clinical benefit for the individual patient who had a PFS ratio
(PFS on molecular profiling selected therapy/PFS on prior
therapy) of =1.3.

The study was also performed to determine the frequency
with which molecular profiling by IHC, FISH and microarray
yielded a target against which there is a commercially avail-
able therapeutic agent and to determine response rate (RE-
CIST) and percent of patients without progression or death at
4 months.

The study was conducted in 9 centers throughout the
United States. An overview of the method is depicted in FIG.
33. As can be seen in FIG. 33, the patient was screened and
consented for the study. Patient eligibility was verified by one
of two physician monitors. The same physicians confirmed
whether the patients had progressed on their prior therapy and
how long that PFS (TTP) was. A tumor biopsy was then
performed, as discussed below. The tumor was assayed using
THC, FISH (on paraffin-embedded material) and microarray
(on fresh frozen tissue) analyses.

The results of the IHC/FISH and microarray were given to
two study physicians who in general used the following algo-
rithm in suggesting therapy to the physician caring for the
patient: 1) IHC/FISH and microarray indicated same target
was first priority; 2) IHC positive result alone next priority;
and 3) microarray positive result alone the last priority.

The patient’s physician was informed of the suggested
treatment and the patient was treated with the suggested
agent(s) (package insert recommendations). The patient’s
disease status was assessed every 8 weeks and adverse effects
were assessed by the NCI CTCAE version 3.0.

To be eligible for the study, the patient was required to: 1)
provide informed consent and HIPAA authorization; 2) have
any histologic type of metastatic cancer; 3) have progressed
by RECIST criteria on at least 2 prior regimens for advanced
disease; 4) be able to undergo a biopsy or surgical procedure
to obtain tumor samples; 5) be =18 years, have a life expect-
ancy >3 months, and an Eastern Cooperative Oncology
Group (ECOG) Performance Status or 0-1; 6) have measur-
able or evaluable disease; 7) be refractory to last line of
therapy (documented disease progression under last treat-
ment; received =6 weeks of last treatment; discontinued last
treatment for progression); 8) have adequate organ and bone
marrow function; 9) have adequate methods of birth control;
and 10) if CNS metastases then adequately controlled. The
ECOG performance scale is described in Oken, M. M.,
Creech, R. H., Tormey, D. C., Horton, J., Davis, T. E., McFad-
den, E. T., Carbone, P. P.: Toxicity And Response Criteria Of
The Eastern Cooperative Oncology Group. Am J Clin Oncol
5:649-655, 1982, which is incorporated by reference in its
entirety. Before molecular profiling was performed, the prin-
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cipal investigator at the site caring for the patient must des-
ignate what they would treat the patient with if no molecular
profiling results were available.

Methods

All biopsies were done at local investigators’ sites. For
needle biopsies, 2-3 18 gauge needle core biopsies were per-
formed. For DNA microarray (MA) analysis, tissue was
immediately frozen and shipped on dry ice via FedEx to a
central CLIA certified laboratory, Caris MPI in Phoenix, Ariz.
For THC, paraffin blocks were shipped on cold packs. IHC
was considered positive for target if 2+ in =230% of cells. The
MA was considered positive for a target if the difference in
expression for a gene between tumor and control organ tissue
was at a significance level of p=<0.001.

) IHC

For THC studies, the formalin fixed, paraffin embedded
tumor samples had slices from these blocks submitted for
THC testing for the following proteins: EGFR, SPARC, C-kit,
ER, PR, Androgen receptor, PGP, RRM1, TOPO1, BRCP1,
MRP1, MGMT, PDGFR, DCK, ERCC1, Thymidylate syn-
thase, Her2/neu and TOPO2A. THC:s for all proteins were not
carried out on all patients’ tumors.

Formalin-fixed paraffin-embedded patient tissue blocks
were sectioned (4 um thick) and mounted onto glass slides.
After deparaffination and rehydration through a series of
graded alcohols, pretreatment was performed as required to
expose the targeted antigen.

Her-2 and EGFR were stained as specified by the vendor
(DAKO, Denmark). All other antibodies were purchased
from commercial sources and visualized with a DAB biotin-
free polymer detection kit. Appropriate positive control tissue
was used for each antibody. Negative control slides were
stained by replacing the primary antibody with an appropri-
ately matched isotype negative control reagent. All slides
were counterstained with hemtoxylin as the final step and
cover slipped. Tissue microarray sections were analyzed by
FISH for EGFR and HER-2/neu copy number per the manu-
facturer’s instructions. FISH for HER-2/neu (was done with
the PathVysion HER2 DNA Probe Kit (Vysis, Inc). FISH for
EGFR was done with the LSI EGFR/CEP 7 Probe (Vysis).

All slides were evaluated semi-quantitatively by a first
pathologist, who confirmed the original diagnosis as well as
read each of the immunohistochemical stains using a light
microscope. Some lineage immunohistochemical stains were
performed to confirm the original diagnosis, as necessary.
Staining intensity and extent of staining were determined;
both positive, tumor-specific staining of tumor cells and
highly positive (=2+), pervasive (=30%) tumor specific stain-
ing results were recorded. A standard 10% quality control was
performed by a second pathologist.

1) Microarray

Tumor samples obtained for microarray were snap frozen
within 30 minutes of resection and transmitted to Caris-MPI
on dry ice. The frozen tumor fragments were placed on a 0.5
ml aliquot of frozen 0.5M guanidine isothiocyanate solution
in a glass tube, and simultaneously thawed and homogenized
with a Covaris focused acoustic wave homogenizer. A 0.5 mL
aliquot of TriZol was added, mixed and the solution was
heated to 65° C. for 5 minutes then cooled on ice and phase
separated by the addition of chloroform followed by centrifu-
gation. An equal volume of 70% ethanol was added to the
aqueous phase and the mixture was chromatographed on a
Qiagen Rneasy column. RNA was specifically bound and
then eluted. The RNA was tested for integrity by assessing the
ratio of 28S to 188 ribosomal RNA on an Agilent BioAna-
lyzer. Two to five micrograms of tumor RNA and two to five
micrograms of RNA from a sample of a normal tissue repre-
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sentative of the tumor’s tissue of origin were separately con-
verted to cDNA and then labeled during T7 polymerase
amplification with contrasting fluor tagged (Cy3, Cy5) CTP.
The labeled tumor and its tissue of origin reference were
hybridized to an Agilent H1 Av2 60 mer olio array chip with
17,085 unique probes.

The arrays contain probes for 50 genes for which there is a
possible therapeutic agent that would potentially interact with
that gene (with either high expression or low expression).
Those 50 genes included: ADA, AR, ASNA, BCL2, BRCA2,
CD33, CDW52, CES2, DNMT1, EGFR, ERBB2, ERCC3,
ESR1, FOLR2, GART, GSTP1, HDACI1, HIF1A, HSPCA,
IL2RA, KIT, MLH1, MS4A1, MASH2, NFKB2, NFKBIA,
OGFR, PDGFC, PDGFRA, PDGFRB, PGR, POLA, PTEN,
PTGS2, RAF1, RARA, RXRB, SPARC, SSTR1, TK1, TNF,
TOP1, TOP2A, TOP2B, TXNRDI1, TYMS, VDR, VEGF,
VHL, and ZAP70.

The chips were hybridized from 16 to 18 hours at 60° C.
and then washed to remove non-stringently hybridized probe
and scanned on an Agilent Microarray Scanner. Fluorescent
intensity data were extracted, normalized, and analyzed using
Agilent Feature Extraction Software. Gene expression was
judged to be different from its reference based on an estimate
of the significance of the extent of change, which was esti-
mated using an error model that takes into account the levels
of'signal to noise for each channel, and uses a large number of
positive and negative controls replicated on the chip to con-
dition the estimate. Expression changes at the level of
p=<0.001 were considered as significantly difterent.

IIT) Statistical Considerations

The protocol called for a planned 92 patients to be enrolled
of which an estimated 64 patients would be treated with
therapy assigned by molecular profiling. The other 28
patients were projected to not have molecular profiling results
available because of (a) inability to biopsy the patient; (b) no
target identified by the molecular profiling; or (¢) deteriorat-
ing performance status. Sixty four patients were required to
receive molecular profiling treatment in order to reject the
null hypothesis (Ho) that: <15% of patients would have a PFS
ratio of z1.3 (e.g. a non-promising outcome).

IV) Treatment Selection

Treatment for the patients based on molecular profiling
results was selected using the following algorithm: 1) ITHC/
FISH and microarray indicates same target; 2) IHC positive
result alone; 3) microarray positive result alone. The patient’s
physician was informed of suggested treatment and the
patient was treated based on package insert recommenda-
tions. Disease status was assessed every 8 weeks. Adverse
effects were assessed by NCI CTCAE version 3.0.

Results

The distribution of the patients is diagrammed in FIG. 34
and the characteristics of the patients shown in TABLES 4
and 5. As can be seen in FIG. 34, 106 patients were consented
and evaluated. There were 20 patients who did not proceed
with molecular profiling for the reasons outlined in FIG. 34
(mainly worsening condition or withdrawing their consent or
they did not want any additional therapy). There were 18
patients who were not treated following molecular profiling
(mainly due to worsening condition or withdrawing consent
because they did not want additional therapy). There were 68
patients treated, with 66 of them treated according to molecu-
lar profiling results and 2 not treated according to molecular
profiling results. One of the two was treated with another
agent because the clinician caring for the patient felt a sense
of urgency to treat and the other was treated with another
agent because the insurance company would not cover the
molecular profiling suggested treatment.



US 9,092,392 B2

157

The median time for molecular profiling results being
made accessible to a clinician was 16 days from biopsy (range
810 30 days) and a median of 8 days (range 0 to 23 days) from
receipt of the tissue sample for analysis. Some modest delays
were caused by the local teams not sending the patients’
blocks immediately (due to their need for a pathology workup
of the specimen). Patient tumors were sent from 9 sites
throughout the United States including: Greenville, S.C.;
Tyler, Tex.; Beverly Hills, Calif.; Huntsville, Ala.; Indian-
napolis, Ind.; San Antonio, Tex.; Scottsdale, Ariz. and Los
Angeles, Calif.

Table 4 details the characteristics of the 66 patients who
had molecular profiling performed on their tumors and who
had treatment according to the molecular profiling results. As
seen in Table 1, of the 66 patients the majority were female,
with a median age of 60 (range 27-75). The number of prior
treatment regimens was 2-4 in 53% of patients and 5-13 in
38% of patients. There were 6 patients (9%), who had only 1
prior therapy because no approved active 2" line therapy was
available. Twenty patients had progressed on prior phase I
therapies. The majority of patients had an ECOG perfor-
mance status of 1.

TABLE 4

Patient Characteristics (n = 66)

Characteristic n %
Gender

Female 43 65
Male 23 35
Age

Median (range) 60 (27-75)
Number of Prior Treatments

2-4% 35 53
5-13 25 38
ECOG

0 18 27
1 48 73

*Note:
6 patients (9%) had 1 prior

As seen in Table 5, tumor types in the 66 patients included
breast cancer 18 (27%), colorectal 11 (17%), ovarian 5 (8%),
and 32 patients (48%) were in the miscellaneous categories.
Many patients had the more rare types of cancers.

TABLE §

Results - Patient Tumor Types (n = 66)

Tumor Type n %
Breast 18 27
Colorectal 11 17
Ovarian 5 8
Miscellaneous 32 48
Prostate 4 6
Lung 3 5
Melanoma 2 3
Small cell (esopha/retroperit) 2 3
Cholangiocarcinoma 2 3
Mesothelioma 2 3
H&N (SCC) 2 3
Pancreas 2 3
Pancreas neuroendocrine 1 1.5
Unknown (SCC) 1 1.5
Gastric 1 1.5
Peritoneal pseudomyxoma 1 1.5
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TABLE 5-continued

Results - Patient Tumor Types (n = 66)

Tumor Type n %
Anal Canal (SCC) 1 1.5
Vagina (SCC) 1 1.5
Cervis 1 1.5
Renal 1 1.5
Eccrine seat adenocarinoma 1 1.5
Salivary gland adenocarinoma 1 1.5
Soft tissue sarcoma (uterine) 1 1.5
GIST (Gastric) 1 1.5
Thyroid-Anaplastic 1 1.5

Primary Endpoint: PFS Ratio =1.3

As far as the primary endpoint for the study is concerned
(PFS ratio of =1.3), in the 66 patients treated according to
molecular profiling results, the number of patients with PFS
ratio greater or equal to 1.3 was 18 out of the 66 or 27%, 95%
CI 17-38% one-sided, one-sample non parametric test
p=0.007. The null hypothesis was that <15% of this patient
population would have a PFS ratio of =1.3. Therefore, the null
hypothesis is rejected and our conclusion is that this molecu-
lar profiling approach is beneficial. FIG. 35 details the com-
parison of PFS on molecular profiling therapy (the bar) versus
PFS (TTP) on the patient’s last prior therapy (the boxes) for
the 18 patients. The median PFS ratio is 2.9 (range 1.3-8.15).

Ifthe primary endpoint is examined, as shown in Table 6, a
PFS ratio =1.3 was achieved in 8/18 (44%) of patients with
breast cancer, 4/11 (36%) patients with colorectal cancer, 1/5
(20%) of patients with ovarian cancer and 5/32 (16%) patients
in the miscellaneous tumor types (note that miscellaneous
tumor types with PFS ratio =1.3 included: lung 1/3, cholan-
giocarcinoma 1/3, mesothelioma 1/2, eccrine sweat gland
tumor 1/1, and GIST (gastric) 1/1).

TABLE 6

Primary Endpoint - PFS Ratio =1.3 By Tumor Type

Number with
Tumor Type Total Treated PFS Ratio =1.3 %
Breast 18 8 44
Colorectal 11 4 36
Ovarian 5 1 20
Miscellaneous™ 32 5 16
Total 66 18 27

*lung 1/3, cholangiocarcinoma 1/2, mesothelioma 1/2, eccrine sweat 1/1, GIST (gastric) 1/1

The treatment that the 18 patients with the PFS=1.3
received based on profiling is detailed in Table 7. As can be
seen in that table for breast cancer patients, the treatment
ranged from diethylstibesterol to nab paclitaxel+gemcitabine
to doxorubicin. Treatments for patients with other tumor
types are also detailed in Table 7. Overall, 14 were treated
with combinations and 4 were treated with single agents.

TABLE 7

Treatment that 18 Patients with PFS Ratio =1.3 Received
(based on molecular profiling)

Tumor Type Therapy Patient Received
Breast diethylstibesterol

Breast nab-paclitaxel + trastuzumab
Breast nab-paclitaxel + gemcitabine
Breast letrozole + capecitabine
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TABLE 7-continued

Treatment that 18 Patients with PFS Ratio =1.3 Received
(based on molecular profiling)

Tumor Type Therapy Patient Received
Breast oxaliplatin + SFU + trastuzumab
Breast gemcitabine + pemetrexed
Breast doxorubicin

Breast exemestane

Coloretal irinotecan + sorafenib
Coloretal temozolomide + bevacizumab
Coloretal sunitinib + mitomycin
Coloretal temozolomide + sorafenib
Ovarian lapatinib + tamoxifen
NSCLC cetuximab + irinotecan

cetuximab + irinotecan
gemcitabine + etoposide
sunitinib

cetuximab + gemcitabine

Cholangiocarcinoma
Mesothelioma
Eccrine sweat gland
GIST (Gastric)

Secondary Endpoints

The results for the secondary endpoint for this study are as
follows. The frequency with which molecular profiling of a
patients’ tumor yielded a target in the 86 patients where
molecular profiling was attempted was 84/86 (98%). Broken
down by methodology, 83/86 (97%) yielded a target by IHC/
FISH and 81/86 (94%)) yielding a target by microarray. RNA
was tested for integrity by assessing the ratio of 28S to 18S
ribosomal RNA on an Agilent Bioanalyzer. 83/86 (97%)
specimens had ratios of 1 or greater and gave high intra-chip
reproducibility ratios. This demonstrates that very good col-
lection and shipment of patients’ specimens throughout the
United States and excellent technical results can be obtained.

By RECIST criteria in 66 patients, there was 1 complete
response and 5 partial responses for an overall response rate
of 10% (one CR in a patient with breast cancer and PRs in
breast, ovarian, colorectal and NSCL cancer patients).
Patients without progression at 4 months included 14 out of
66 or 21%.

In an exploratory analysis, a waterfall plot for all patients
for maximum % change of the summed diameters of target
lesions with respect to baseline diameters was generated. The
patients who had progression and the patients who had some
shrinkage of their tumor sometime during their course along
with those partial responses by RECIST criteria is demon-
strated in FIG. 36. There is some shrinkage of patient’s
tumors in over 47% of the patients (where 2 or more evalua-
tions were completed).

Other Analyses—Safety

As far as safety analyses there were no treatment related
deaths. There were nine treatment related serious adverse
events including anemia (2 patients), neutropenia (2 patients),
dehydration (1 patient), pancreatitis (1 patient), nausea (1
patient), vomiting (1 patient), and febrile neutropenia (1
patient). Only one patient (1.5%) was discontinued due to a
treatment related adverse event of grade 2 fatigue.

Other Analyses—Relationship Between What the Clini-
cian Caring for the Patient would have Selected Versus What
the Molecular Profiling Selected

The relationship between what the clinician selected to
treat the patient before knowing what molecular profiling
results suggested for treatment was also examined. As
detailed in FIG. 37, there is no pattern between the two. More
specifically, no matches for the 18 patients with PFS ratio
=1.3 were noted.

The overall survival for the 18 patients with a PFS ratio of
=1.3 versus all 66 patients is shown in FIG. 38. This explor-
atory analysis was done to help determine if the PFS ratio had
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some clinical relevance. The overall survival for the 18
patients with the PFS ratio of =1.3 is 9.7 months versus 5
months for the whole population—log rank 0.026. This
exploratory analysis indicates that the PFS ratio is correlated
with yet another clinical parameter.

Conclusions

This prospective multi-center pilot study demonstrates: (a)
the feasibility of measuring molecular targets in patients’
tumors from 9 different centers across the US with good
quality and sufficient tumor collection—and treat patients
based on those results; (b) this molecular profiling approach
gave a longer PFS for patients on a molecular profiling sug-
gested regimen than on the regimen they had just progressed
on for 27% of the patients (confidence interval 17-38%)
p=0.007; and (c) this is a promising result demonstrating
molecular profiling’s use and benefits.

The results also demonstrate that patients with refractory
cancer can commonly have simple targets (such as ER) for
which therapies are available and can be beneficial to them.
Molecular profiling for patients who have exhausted other
therapies and who are perhaps candidates for phase I or II
trials could have this molecular profiling performed.

Example 5
Molecular Profiling System

A system has several individual components including a
gene expression array using the Agilent 44K chip capable of
determining the relative expression level of roughly 44,000
different sequences through RT-PCR from RNA extracted
from fresh frozen tissue. Because of the practicalities
involved in obtaining fresh frozen tissue, only a portion of
samples can have the Agilent 44K analysis run. In addition to
this gene expression array, the system also performs a subset
of 40 different immunohistochemistry assays on formalin
fixed paraftin embedded (FFPE) cancer tissue. Finally, gene
copy number is determined for a number of genes via FISH
(fluorescence in situ hybridization) and mutation analysis is
done by DNA sequencing for a several specific mutations. All
of'this data is stored for each patient case. Microarray results
for over 64 genes that have been shown to impact therapeutic
options are used to generate a final report. Data is also
reported from the IHC, FISH and DNA sequencing analysis.
The report is explained by a practicing oncologist. Once the
data are reported, the final decisions rest with the treating
physician.

Example 6
Ilumina Expression Analysis

The Illumina Whole Genome DASL assay (Illumina Inc.,
San Diego, Calif.) offers a method to simultaneously profile
over 24,000 transcripts from minimal RNA input, from both
fresh frozen (FF) and formalin-fixed paraffin embedded
(FFPE) tissue sources, in a high throughput fashion. The
analysis makes use of the Whole-Genome DASL Assay with
UDG (Hlumina, cat#DA-903-1024/DA-903-1096), the Illu-
mina Hybridization Oven, and the [llumina iScan System.

The Whole Genome DASL assay is performed following
the manufacturers instructions. Total RNA isolated from
either FF or FFPE sources is converted to cDNA using bioti-
nylated oligo(dT) and random nonamer primers. The use of
both oligo(dT) and random nonamer primers helps ensure
c¢DNA synthesis of degraded RNA fragments, such as those
obtained from FFPE tissue. The biotinylated cDNA is then
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annealed to the DASL Assay Pool (DAP) probe groups. Probe
groups contain oligonucleotides specifically designed to
interrogate each target sequence in the transcripts. The probes
span around 50 bases, allowing for the profiling of partially
degraded RNA.

The assay probe set consists of an upstream oligonucle-
otide containing a gene specific sequence and a universal
PCR primer sequence (P1) at the 5' end, and a downstream
oligonucleotide containing a gene specific sequence and a
universal PCR primer sequence (P2) at the 3' end. The
upstream oligonucleotide hybridizes to the targeted cDNA
site, and then extends and ligates to its corresponding down-
stream oligonucleotide to create a PCR template that can be
amplified with universal PCR primers according to the manu-
facturer’s instructions.

The resulting PCR products are hybridized to the Human-
Ref-8 Expression BeadChip to determine the presence or
absence of specific genes. The HumanRef-8 BeadChip fea-
tures up-to-date content covering >24,000 annotated tran-
scripts derived from the National Center for Biotechnology
Information Reference Sequence (RefSeq) database (Build
36.2, Release 22) (Table 8).

TABLE 8

RefSeq* Content of the HumanRef-8 BeadChip

Probes Description Number
NM Coding transcripts, well established annotations 23,811
XM Coding transcripts, provisional annotations 426
NR Non-coding transcripts, well established annotations 263
XR Non-coding transcripts, provisional annotations 26
Total 24,526

*Build 36.2, Release 22

After hybridization, HumanRef-8 Expression BeadChips
are scanned using the iScan system. This system incorporates
high-performance lasers, optics, and detection systems for
rapid, quantitative scanning. The system offers a high signal-
to-noise ratio, high sensitivity, low limit of detection, and
broad dynamic range, leading to exceptional data quality.

Whole genome gene expression analysis using DASL
chemistry microarrays allows for an estimate of whether a
particular gene is producing more or less mRNA in the tumor
than in the cell type from which the tumor was derived. Based
on the activity, greater or lesser, of a given gene, may increase
the likelihood that a tumor will respond to a particular thera-
peutic depending on the type of cancer being treated. The
differential gene expression of a subject’s tumor when com-
pared to normal tissue can provide a useful diagnostic tool for
helping an oncologist determine the appropriate treatment
route.

The DASL chemistry addresses the limitation of working
with degraded FFPE RNA by deviating from the traditional
direct hybridization microarray methodologies. However,
there is much variability in fixation methods of FFPE tissue,
which can lead to higher levels of RNA degradation. The
DASL assay can be used for partially degraded RNAs, but not
for entirely degraded RNAs. To qualify RNA samples prior to
DASL assay analysis, RNA quality is checked using a real-
time qPCR method where the highly expressed ribosomal
protein gene, RPL.13a, is amplified using SYBR green chem-
istry. If a sample has a cycle threshold value <29, then the
sample is considered to be intact enough to proceed with the
DASL chemistry. See Biotinylated cDNA Pre-Qualification,
Illumina, Inc.; Abramovitz, M., et al., Optimization of RNA
extraction from FFPE tissues for expression profiling in the
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DASL assay. Biotechniques, 2008. 44(3): p. 417-23. Any
sample that has an A260/A280 ratio <1.5, or a RPL.13a Ct
value >30 is considered too degraded or too heavily modified
to be processed using the Whole Genome DASL gene expres-
sion chemistry. Abramovitz, M., et al.

Prior to hybridization on the HumanRef-8 Expression
BeadChip, the sample is precipitated. The sample precipitate
will be in the form of a blue pellet. If the blue pellet is not
visible for that sample, the sample must be re-processed prior
to hybridization on the BeadChip.

Although the Whole Genome DASL assay examines the
expression of thousands of genes, expression of only the
genes of interest need be analyzed.

In order to standardize the reporting of patient data using
the [llumina Whole Genome DASL technology, the algorithm
below is used. The data is obtained using the Genome Studios
Software v2009.1 (Gene Expression Module version 1.1.1).

Step 1: The detection p-values determined by the Genome
Studios software must be less than 0.01. This value is deter-
mined by examining the variability of the signals generated
by the duplicate copies ofthe same probe for a particular gene
in relation to the variability observed in the negative control
probes present on the array. If the detection p-value for either
the control or the patient sample is greater than 0.01 for a
particular gene the expression for that gene is reported out as
“Indeterminate.” A cut-off of 0.01 was selected as it indicates
that there is less than a one percent chance that the data would
be observed given that the null hypothesis of no change in
expression is true. The p-value can be corrected for multiple
comparisons.

Step 2: The p-value of the differential expression must be
less than 0.001. This p-value is determined by using the
following equation: 1/(10°(D/(10*SIGN(PS-CS)))). In this
equation “D” represents the differential expression score that
is generated by the Genome Studios. The “PS” and “CS”
represents the relative fluorescence units (RFU) obtained on
the array of a particular gene for the patient sample (PS) and
control sample (CS) respectively. The “SIGN” function con-
verts the sign of the value generated by subtracting the CS
RFU from the PS RFU into a numerical value. If PS minus CS
is >0 a value of 1 will be generated. If PS minus CS is <0 a
value of —1 will be generated. If PS equals CS then a value of
0 will be generated. If the differential expression p-value is
greater than 0.001 for any particular gene the expression for
that gene is reported out as “No Change.” A cut off of 0.001
was chosen because genes passing this threshold can be vali-
dated as differentially expressed by alternative methods
approximately 95% of the time.

Step 3: If the expression ratio is less than 0.66 for a par-
ticular gene, the expression for that gene will be reported out
as “Underexpressed.” If the expression ratio is greater than
1.5, the expression for that gene will be reported out as “Over-
expressed.” If the expression ratio is between 0.66 and 1.5 the
expression for a particular gene will be reported out as “No
Change.” The expression ratio is determined by obtained by
dividing the RFUs for a gene from the patient sample by the
RFUs for the same gene from the control sample (PS/CS).
“No Change” indicates that there is no difference in expres-
sion for this gene between tumor and control tissues at a
significance level of p<=0.001. A significance level of
p<=0.001 was chosen since genes passing this threshold can
be validated as differentially expressed by alternative meth-
ods approximately 95% of the time.

“Not Informative (NI)” indicates that the data obtained for
either the patient sample or the control sample were not of
high enough quality to confidently make a call on the expres-
sion level of that particular RNA transcript.
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Step 4: In some where FFPE samples only are used, all
genes that are identified as “Under expressed”, using the
above algorithm, will be reported out as “Indeterminate.”
This is due to the degraded nature of the RNA obtained from
FFPE samples and as such, it may not be possible to deter-
mine whether or not the reduced RFUs for a gene in the
patient sample relative to the control sample is due to the
reduced presence of that particular RNA or if the RNA is
highly degraded and impeding the detection of that particular
RNA transcript. With improved technologies, some or all
genes as “Underexpressed” with FFPE samples are reported.

FIG. 39 shows results obtained from microarray profiling
of an FFPE sample. Total RNA was extracted from tumor
tissue and was converted to cDNA. The cDNA sample was
then subjected to a whole genome (24K) microarray analysis
using [llumina cDNA-mediated annealing, selection, exten-
sion and ligation (DASL) process. The expression of a subset
of 80 genes was then compared to a tissue specific normal
control and the relative expression ratios of these 80 target
genes indicated in the figure was determined as well as the
statistical significance of the differential expression.

Example 7
Molecular Profiling System and Report

A system has several individual components including a
gene expression array using the Illumina Whole Genome
DASL Assay as described in Example 6. In addition to this
gene expression array, the system also performs a subset of
immunohistochemistry assays on formalin fixed paraffin
embedded (FFPE) cancertissue. Finally, gene copy number is
determined for a number of genes via FISH (fluorescence in
situ hybridization) and mutation analysis is done by DNA
sequencing for a several specific mutations. All of this data is
stored for each patient case. Data is reported from the
microarray, IHC, FISH and DNA sequencing analysis. All
laboratory experiments are performed according to Standard
Operating Procedures (SOPs). DNA for mutation analysis is
extracted from formalin-fixed paraffin-embedded (FFPE) tis-
sues after macrodissection of the fixed slides in an area that %
tumor nuclei =10% as determined by a pathologist. Extracted
DNA is only used for mutation analysis if % tumor nuclei
=10%. DNA is extracted using the QlAamp DNA FFPE Tis-
sue kit according to the manufacturer’s instructions
(QIAGEN Inc., Valencia, Calif.). The BRAF Mutector I
BRAF Kit (TrimGen, cat#MH1001-04) is used to detect
BRAF mutations (TrimGen Corporation, Sparks, Md.). The
DxS KRAS Mutation Test Kit (DxS, #KR-03) is used to
detect KRAS mutations (QIAGEN Inc., Valencia, Calif.).
BRAF and KRAS sequencing of amplified DNA is performed
using Applied Biosystem’s BigDye® Terminator V1.1 chem-
istry (Life Technologies Corporation, Carlsbad, Calif.).

THC is performed according to standard protocols. IHC
detection systems vary by marker and include Dako’s
Autostainer Plus (Dako North America, Inc., Carpinteria,
Calif.), Ventana Medical Systems Benchmark® XT (Ventana
Medical Systems, Tucson, Ariz.), and the Leica/Vision Bio-
systems Bond System (Leica Microsystems Inc., Bannock-
burn, I11.). All systems are operated according to the manu-
facturers’ instructions.

FISH is performed on formalin-fixed paraffin-embedded
(FFPE) tissue. FFPE tissue slides for FISH must be Hema-
toxylin and Eosion (H & E) stained and given to a pathologist
for evaluation. Pathologists will mark areas of tumor to be
FISHed for analysis. The pathologist report must show tumor
is present and sufficient enough to perform a complete analy-
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sis. FISH is performed using the Abbott Molecular VP2000
according to the manufacturer’s instructions (Abbott Labo-
ratories, Des Plaines, lowa).

A report generated by the system in shown in FIGS. 40A-
40J. FIG. 40A shows that the patient had a primary tumor in
the ovary. A paraffin block sample was used. FIGS. 40A-40B
illustrate a Summary listing of biomarkers identified as dif-
ferentially expressed by microarray or IHC analysis. Treat-
ment options corresponding to each differentially expressed
biomarker is presented. The subject’s physician can decide
which candidate treatments to apply. FIG. 40C presents a
table of literature evidence linking the candidate treatments to
the biomarkers. FIG. 40D presents the results of IHC analysis
and FIG. 40E presents the results of microarray analysis.
FIGS. 40E-40G present a summary description of the difter-
entially expressed biomarkers. FIGS. 40H-401 present a
summary description of literature supporting the candidate
therapeutics linked to the differentially expressed biomarkers
with a rating for the level of evidence attached to each pub-
lication. FIG. 40C presents a chart explaining the codes for
level of evidence.

While preferred embodiments of the present invention
have been shown and described herein, it will be obvious to
those skilled in the art that such embodiments are provided by
way of example only. Numerous variations, changes, and
substitutions will now occur to those skilled in the art without
departing from the invention. It should be understood that
various alternatives to the embodiments of the invention
described herein may be employed in practicing the inven-
tion. It is intended that the following claims define the scope
of the invention and that methods and structures within the
scope of these claims and their equivalents be covered
thereby.

What is claimed is:

1. A system for generating a report identifying a therapeu-

tic agent for an individual with colorectal cancer comprising:

a. at least one nucleic acid sequencing device configured to
assay a plurality of molecular targets in a biological
sample from the individual with colorectal cancer to
determine molecular profile test values for the plurality
of molecular targets, wherein the plurality of molecular
targets comprises BRAF, PIK3CA, EGFR and PTEN;

b. at least one computer database comprising:

i. areference value for each of the plurality of molecular
targets; and

ii. a listing of available therapeutic agents for each of the
plurality of molecular targets;

c. a computer-readable program code comprising instruc-
tions to input the molecular profile test values to com-
pare each of the molecular profile test values with a
corresponding reference value from the at least one com-
puter database in (b)(i);

d. a computer-readable program code comprising instruc-
tions to access the at least one computer database to
identify at least one therapeutic agent from the listing of
available therapeutic agents for the plurality of molecu-
lar targets wherein the comparison to the reference val-
ues in (c) indicates a likely benefit of the at least one
therapeutic agent; and

e. a computer-readable program code comprising instruc-
tions to generate a report that comprises a listing of the
molecular targets for which the comparison to the refer-
ence value indicated a likely benefit of the at least one
therapeutic agent in (d) and the at least one therapeutic
agent identified in (d).
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2. The system of claim 1, wherein the molecular profile test
values are input into the system from a location that is remote
from the at least one computer database.

3. The system of claim 1, wherein the molecular profile test
values are input into the system over an internet connection.

4. The system of claim 1, wherein the report is in electronic
or paper format.

5. The system of claim 1, wherein the at least one computer
database further comprises data corresponding to at least one
clinical trial of a member of the plurality of molecular targets.

6. The system of claim 1, wherein the reference value for
each of the plurality of molecular targets comprises a nucleic
acid sequence.

7. The system of claim 1, wherein the molecular profile test
values for the plurality of molecular targets are determined
after the individual has received drug therapy for the colorec-
tal cancer.

8. The system of claim 1, wherein the molecular profile test
values are determined by assessing a cell, a tissue sample, a
blood sample or a combination thereof.

9. The system of claim 1, wherein the molecular profile test
values are determined by performing a test for at least one of
a gene and a protein.

10. The system of claim 1, wherein each reference value is
obtained from at least one individual without cancer.

11. The system of claim 1, wherein the individual has been
treated by and failed to respond to at least one cancer thera-
peutic.

12. The system of claim 1, wherein the report further com-
prises a listing of at least one additional molecular target for
which the comparison to the reference in (¢) indicates a likely
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lack of benefit of at least one therapeutic agent and the at least
one additional therapeutic agent.

13. The system of claim 1, further comprising a computer-
readable program code comprising instructions to prioritize
the list of the at least one therapeutic agent.

14. The system of claim 1, wherein the report provides a
prioritized list of the at least one therapeutic agent.

15. The system of claim 1, wherein the molecular target
EGFR is further assessed by protein testing.

16. The system of claim 1, wherein the plurality of molecu-
lar targets further comprises MGMT, and AR.

17. The system of claim 16, wherein the molecular targets
PTEN, MGMT and EGFR are further assessed by protein
testing.

18. The system of claim 16, wherein the testing further
comprises immunohistochemistry of the molecular targets
PTEN, EGFR, MGMT and AR.

19. The system of claim 1, wherein the at least one nucleic
acid sequencing device is configured to perform at least one
of polymerase chain reaction (PCR), pyrosequencing, real-
time PCR, sequencing, NextGen sequencing, methylation
specific PCR (MSPCR), restriction fragment length polymor-
phism (RFLP) analysis, in-situ hybridization (ISH), and fluo-
rescent in-situ hybridization (FISH).

20. The system of claim 1, wherein the at least one nucleic
acid sequencing device is configured to identify at least one of
a mutation, polymorphism, deletion, insertion, substitution,
translocation, fusion, break, duplication, amplification or
repeat in a nucleic acid sequence corresponding to each ofthe
plurality of molecular targets.
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